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ABSTRACT

This *hesis demonstraztes a mathodology to b2 used by a

Program Managsr to allow him to procedurally monitor the
design development of an embedded w2apons sys+tem. The msth-
odology consists of a unique conmbination of several software
engineerirg strategies intagrat2d to form a powerful marage-
ment tool. The primary objzctive of the mezhodology is +o
provide ar algorithmic procedurs which stresses simpliciiy
at all levels of abstraction. Furthar, +he system must be
capatle of generating good system spacifications, good docu-
mentation, and fully understandabls products. Sample prod-
ucts frcm “te implementation of <the methodology on the
HARPOON Shipbrard Ccmmand-Launch Control Set (HSCLCS) are
provided for illustrative puIrgposes.
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A. BACKGEOUND

Projsct Managemer: within <he Navy involves ths
coordination of a ccmplex s=t of managsrial and “echnical
responsibilities, The complaxi<y is +*he result of such
factcrs as +*he diversified areas ia which a Program Manager
must beccme competent anrd the sizz and complexity of modern
weapons systems. The task is aggrsvated and +he problenms
magnified by several factors including schedule limitaticas
ard resource scazcity (human, @monztary, procedural manage-
ment tools, etc). Because the current instituticnalized
procedures are inadaguate, a Program Marager has insuffi-
cient tangikle guidelines tc organizz a project in a way
which will counter and mitigat=s coamplexizy.

As a consequence, mnost prcjects suffsr incra22sing inef-
ficiency which is paralleled by a rise ir disorganizaticn.
This is a sure result of unccntrolisd ccmplaxi-y. Ore cf
the more nc+table areas of inefficizncy is in ths pvrocszss of
specifying the Jdesired systszn. Jdur cucren: "methodclogy"®
all tco cften generates aebulcus and inaccurats system spec-
ifications. This situation bs2gins a snowball effect of
increasinc ambiguity as contractors, bidding on the prosject,
attempt tc desiga a systsm to mee= specifica*ioas which may
not be «ccmplete or correct. Therzfors, contrac+ors are
forced to react to the assum2d mearing 9f pcor specifica-
+ions rather “han acting towari gensracting a clear, logical,
and correct de2sio. This approach to genera*ing specifica-
tions generally results in the contractcr's pr-oposals no+*
meeting the user's r=2al need. Hopafully, pc-oblems are
discovered early; tle later thasy suzface, thke higher <the
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cost to cecrrect *hsm. A~ bzst, hLowever, <these unde=zected
flaws cause *he needless ioss of much time and money (z2f*er

the projec+t is 3iven tc a contracts:c reguazdless of whe

o]

disccvered.

Toc summarize, complexity is irherent but ceat-ollable in
all projects. We currently dc very littls ia a“«=<emping *c
control it. The resulting disorgenizazion leads =¢ time and

money losses mainly due to pocr spacificaztions.

B. PURPOSE

This <hesis presents a proc2dauz-al mathcdslogy for an
embedded weapons system's sp2cifica<ior Jdevalopment and
design dccumentation, answering <aes n2ed Jesfined in +he I
previous section. The method is abstracted £from a <case ‘
study of the Harpoon Shipboard Command-Launch Cortzol Se+* i
system developmant ini<ialized Dy Sentman and Maroney
(Ref. 1] and refined by Olivier and Oiser [(Ref. 2]. It is
cur internticn *+5 show that by using this me*hodology,
complexity will ke reduced and ths £ollowing imaprovemen*s <o |
embedded w22pons system procucement will be realized: . '

1. Letter specifications generat=4, j
2. Dbetter =valuation of ccrtractor's proposals,
3. increased efficiency within the project manager's

office,

e o
N1}
e}

(b}

(o)
[
()]

Q

(R}

4. Dbetter pass dcwn infcrmation available to <

marager's relief, and
5. develcpment ccsts lowered.

C. SCCPE OF THE METHCDOLOGY

The methcdology discussed in this +thesis is inzerndszd to

Sl N TN, AR

apply toc the da2velcpyens of all 2mbedded ccmpu“er systems

. 3

for tactical weaponry. The possibility for a broader scope

PPN DR IS

2xists since the wunderlying principles arce widel

11 ’ y
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applicable. However, further genaralizing of <the me<hod-
ology is nc+ apprepriate at this tims since +he case study
cnly addressel a tactical weapons 2mbedded computer sys=<sn

Figurs 1.1 shcws the placesmant of the Softwars
Engineecirg Methodology within ths initial wzapons

= 0

Erocursment phasa. Figure 1.2 dstails +“he general flcw of
conv.zcl within the Scfiware Engirnssring Methedology. This
figure alsc shows that while the Contraczor Support Services
(CSS) Contrcactor develops the specificaticns and other prod-
ucts, <he Program Marager lends guidance to aad approvas the
final products of this process. The guidance supplied is of
a managerial and nct a technical natuze. Since sur handling
of the methcd>logy is concerned with the technical issues of
hew *he prccedures cshould be perforaad, the thrust of cur
discussion will be aimed a3t *hea CSS Sys%+em Develcpmen= bicck

of Figu-e 1.2,

D. BETHCDOLOGY OVERVIEW

It was cur determinatior that the system design method-
clogy, while g=snerally only ar abs=zracrion from the case
s=udy, must possess sevaral broad tzaits ia order =o me2+¢
the objectives stated in the Purpose, Sec+ion B. Where
these traits were not innate in ths abstracted procedures,
the methcdology was refin2d to a2ncompass them. These traits
are in*roduced below. The Conclusions portion of this
thesis, Chapter 5, discusses why zach of <hese <raits is
necessacy and how they permeate +“h2 methodclcgy.

1. Simplicity. Simpiicity of *h2 methodology and in *he
understanding cf its gcals 223 prcducts is necessary.
Unless a system is simple, 1% hLas grea:t potential to
beccme part cf +the ccoplexity problen -ather +han
part of its solution.

12

Cafl ol a2 S 2 o
. . ..

A

-

Lo

EACY




it DA ™ AR S o A A WA A i g s it o S B Bl

. ™~

& M.

ey -y
Pa R KIS S BN

eV e e @

MILESTONE ZERO

INITIAL

FLEET
FUNC INPUTS
SPECS
DATA
FLOW
D IAGRAMS

SOFTWARE

an—

ENGINEERING

DESIGN
PRQOUCTS
DESIGN
DECISIONS

METHODOLOGY

REQUEST
FOR
PROPOSALS

Pigure 1.1

13

Progran Yanageaent High Level Plow Char*.

Ty




, ‘
e . P
. .&-'n.’

-

-

: ;:

s INITIAL ;
FUNC 1
SPECS i

2 SOF TWARE

ENGINEERING

5 ME THODOLOGY

- PROGRAM | GUIDANCE €SS

- MANAGER —————= SYSTEM

- REVIEW DEVELOPMNT

;S

{ INTERMEDIATE PRODBUCTS

F INAL DATA

’ SYSTEM FLOW
: SPECS DIAGRAMS
PRODUCTS

0
DECISIONS

RO
[ =]

m m

w wy

[ong -
IIII!!I ||||!!|

Pigure 1.2 Detail c¢f “hs Sofiwaca Engineeriag ¥<thodology.

1
L]
)
o
]
2 14
0
o
2




A ARSI O U A R A O A A T N

- AR AR AARDMEAC RS £ S S g S AR AR aie i Jne et den i s 2 3)
N R T AT .

.

2. Gererator of Gecod System Spacifications. The me<kcd-
olcgy must prcduce firm, finely-tuneld, and in-hcusse
system specificaticas. Note :that the tzrm in-hcuss
refers 0o the proj2ct being directly supsrviseéd by
<he Frogram Managsr regardlsss of where <+he ac-ual
work is performed. Tc be mcst eifective, ‘Lowsver,
the actual work should be done irn the same general
lccation as the Program Manager (i.=. +he came
office, office building, 5r group of buildings).
This assumes that it is n2c:sssary to have physical
closeness of the Program Malager and the project
designer in crder <to achisvae thei: corntirual and
effective communication,

3. Generator of Gocd Documentatica Produc=s. The m=th-
cdclogy must prcduce products which s2:-ve as &z prcper
passdown t> relisfs of the Program Manager =end his
sta‘ff memebers. If design da2cisicrs and system spec-
ifications are not properly documer:ad, ccrperate
kncwledge will surzly be lost upon job turn-cver.

4, Gererator o5f OUndscstandabla Produc:s. The method-
clcgy must gprcduce preducts which =c-23quire 1lis<le
formal training to understard and use. Alsc it must
te couched in <+erminology =sasily absorbed by the

average Prcgram Manager,

Tc ensure that thess brcad systsm traits are achieved,
th2 methodology must yield products which possess ssveral

specific featurs=ss, intsr alia wundacstandabili+y, reii-
apility, eff-. cy, and modifiability. These acre “he major
goals of “#ware zngireering des>gn 1methoés. TC
achieve <+he. ic goals, the software must azdhere to
pany structur - nciples. Ross, Goodenosugh, and Irvine

(Ref. 3] provide the following list >f requi-ed principles:

‘ .
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1. Mcdularity. The modulacity principle defines how to
structure a scftware system appropriataly.

2. Abstraction. The abstraction prirciple halps ilen-
tify essential properties common to suparficiaily
different entitizs.

3. Llocalizatiorn. Th: localization principle highlights
methecds for tringing <cT=2lated things into physical
preximity.

4. Hiding. The hidirg prirciple highligh+s the
inportance cf wmakirng nonessantial Impiemerntztion
information inaccassible. It 2nforces constrain+t on
access to infcrmatiorn.

S. Uniforaity. The unifecrmity p-inciple srnsures cornsis-
“ency.

6. Ccmpleteness. The comple-enass principle

(3]
o
n
=]
(4]
1]
1]

ncthing is left out.

7. Confirmability. The confirmability principle ensures
*hat information reeded to verify correctress has
been explicitly stated.

The methcdology must meet the goals and objectives detailed
above and must possess <+he listed traits. I+ nmust also
adhere tc all of tte prirpciples of softwars enginsaring
design strategies. Cnly by <celigious adhsrance tc these
cziteria can the complexity of designing a tactical weapons
system be significantly reduced.

There is one fundamental premis2 cof this me+hodology
imperative to its success: +he system software development
pust hold tcp priori«y with hardwarc: issuss bDpeing defarred
ontil the system specificaticns are comple=ed. In cther
words, =“he software decisions aust irive the hariware s<¢lec-
tion. This premise has been reiterated and substantiated by
numerous case studies parformed in -ecent y2ars amcng then
Barry Boehm's "scftvare fi-st machine" [Ref. #]J. In view cf
the fact that the amcunt cf ccmputar da2velopmznt money spent

.
I s mm m w
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on software is s2veral times *he amdunt spant >n Lacdware,

4 S _s_A o

+his is a lcgical pricri<izaticn of project =2mphasis.
The tasis for the above premise is *ha*, in crier to
meet the gcals of <reliabili+y, wmodifiability, main<ain-

LI ¥y W

ability, and *o a large degree portability ia s>ftware, it

must be procedurally dsvsloped indepeandent c¢f and without
regard for “he hardware on which it will sxecuts, A major
source of frustration and insfficiency for programm=rs and
maintainers of current zactical weapons systsm scftwars is
tha+ the hardware is ingra;ned in arnd ar inflexibles par* of

i

the system. Consaquently, all modifications to the sof*vare
must ke ccuched in the limitations of the system ha-dwars,
limitations which often rz=quire that software mcdifica<tions
disregard all principles of softwares angiresc-ing. If *he
reverse process, that of allcwing th2 hardware to drive the
software, is us2d, +thess hardware d=ficiznciss are quickly
realized. %hen this occurs, the potential for maintzinirg
the desired goals specifi=2d above is grea=ly reduced.

Holding off on the hardware specification urtil the
methodology is completed is not 2an unrzalistic prepesal.
This is especially t-ue in light of the high frequency of
hardwvare change and upgrads which most weapons sys<en
projects experience. The basic idea is siapls: it is rela-
tively 2asy to find shelf har-dwars to impla2ment a scftware
system while the difficulty cf achieving *he design gozls
listed akove on a specified piec2 0% hardware is a: bsst
unpradictable.

A s*tandard argument against having the software drive
the hardware is <tha*t thezz aze many hardvare systens
purchased (one per platform) but only one softwar:s system.
This basically implies that cos+t savings are more a function
of hazdware than software. This argyument could be valii if
no modifications to the software, wnich deszzoy i*s struc-
ture, were required. But the probability of achieving <his

17
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cver *he svsiem's life cycle is inccedibly smalil. If <hs

structuze is deszroyed, “he future sys-em ccsts, ev=n in
disccun=3d ¢r constant dcllars, #5uld invariably b2 many
*imes the initial cost savings in hardwarce.

Prior %#» ipitiating the procedures cf =he methodology,
~he Prccram Manager 2long with his staff must beccme
familiar with *he currert project docum2nts 2aad ths spacific
pur.osz and mission of the weapons systen. The first stzo
is +0 become inptimately familiar wizh the Broad
S.acificaticns detailed in +he Life Cycle Management
Milestone Zero documentation, tkz Justificazion for Mzjor

Svstem New Start (JMSNS). These broad sys<2m requirements
are developed Dbased on a projsctzd missior n2&d by
De:artment of the Navy planners. In-house refinemant of

~hese Brcad Specifications due to changing ne=ds, <+echznical
advancements, and irputs frcm the fleet (the wuser group)
produces a set of Initial Functional Specifications. Next
the Initial Punc=ioral sSpecificatiorns are used as *he inpu+
to ~he methcdology tc design the proposed sys+<em utilizing
tke rincicles of scftware engineszring. Agaip Pigure 1.1
rrovidas a ~rachic represzn+aticn 2f %this flow.

Three disjoirt items are pertinant to the overall view
cf the methcdology in this stage of the system development.
Pirst, the system design is mos* lik2ly being parformed by a
Chn+tc-ac=¢c Sudport Servicea (CSS) €£irm. This is because %he
Prooram Maragdar 2a9r his sta¢f have <th2 +«ims and in many
cagses “he atility to perform these tz2sks. Second, *his CSS
fira is affactively part of <the Program Office. ¢+ should
no>t be <hcucht o0f¢ as a sapara*2 entity but rather as a *%ech-
rical re.resentative augmenting ths Prograa Manager's staff.
This clcseness ensures that <+he Program Manrager's desired
s s*em vill be generated. Third, th2 products produced by
the system arz generated and updated izeratively (see Figure
1.2). This continual refinement of ths products snsures

18
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gcod docupentation of the perceived systzm. These items of
nots must be fully comprshended by the Prog-am Managar in
ccder to most effectively utilize th2 methcdology.

Therte acte four ocutput products g23n2a-ated and refinz=d by
usinag +<his methodology: a d2tailed se: of system specifica-
+ions (-he final Refined Specifications), complete Data Flow
Diagrams and Hierarchy Charts, <+«he Jdesigrned system ir ADA
S'stem Desian Language (SDL) with Module Descripticns, and
D2sian Pecision Documsntation (see Appendices A~E which show
+kese creducts for the HSCLCS design). Ccllectively *hey
trovide all the documentation requiz2d <to perpetuate <he
cor.ora=s meaory of ¢th: projact and <o give a ccmplete
picture cf the proposed systen, Individually they provide
the following functicns:

1. Svstem Specifications. Thes2 are the detailed speci-
fications delivered to project bidders respcndirg to
+he reqjuest fcr preposals. Th: higher tha level of
refinement of *h2 specificaticns when en*tecing tiis
nhase of weapcrs system devalopmeat, the better the
chances are tha*t bidders will develop sound systenm
crcpcsals to meet the real n=2:d.

2. Data Plow Diagrams (DPFD) and Hisrarchy Char*ts. These
trcducts provide a graphic lisplay of th> system by
illustrating the system functional opera%«ion. Using
only the functions tc be parformed and the Inpu+ and
outout da“a neaded to perform =-hese functions, DFD's
and Punctional Hierarchies arz simple to genera*e and

use.

3. Design 4in ADA SDL With Moduls Descriptions. The
design provides a procedural-level illustra+ion of
*he svs*-en. It documents how the required functioms

shcwn in the DPD*'s are transpos2d into a kierarchy of
crocsdures, fuctiors, and tasks for da*a manipulation
in order %o perform these functions.
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4. Desigan Decisior Documentation. While most design

decisions appear in c*her docume2ats (i.=. tha spaci-
fications, desiog:z, ¢tc.), scme ace not feasitly
includable in cther products. The Deasigrn Decision
Documenta*ion provides a place <o store partinsznt
facts and paramerers cf the sys:tenm.

Thus far in this sacticn we have deal+t with ths neces-
sary goals, princigles, arg reguiremen:é 0f <*he softwace
Engineering Methodolcgy box of Pigure 1.1 and rot zhe
mechanics of the system. This 1is because *he higk-level
view cf the methcdology must be one 2f achicvement of design
objectives and not in the procedur=s necessary +o produce
documents., Whether or nct these objectives are metr will be
the subject of Chapter 5, Conclusions. Howsver, to provida
a proper overview of the methodology details Pigu-e 1.3 is
ircluded as an illus*ration of ths itsrativs produc: forau-
lation phassz. The ds-ailed discussion of this €low and its
subgoals is the sole subject of Chaptar 4.
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IXI. BACKGROUND OF THE HARPOON CONTROL SET DESIGR

Recently when <the nissile subsystem cf *“he HARPCON
Weapon Systam was upgraded to include two rew biock enhance-
ments, ke existing HARPOON Shkipboard Command-Lauach Contzol
Set (HSCICS) was rendered inadequate to suppor* tks d2sign
features of the new blocks of missilss. Upon examina<ion by
arnalysts, it was decided that the2 sxisting 4YSCLCS sof:ware
was not modifiable and a2 new design affort was n=2cessary.
The new design would need to not only cover the =-ecsant
missile changas but alsc be fexibla2 enough *c be modified o
support anzticipated +“echnical achisvemernts in <ths near
future. This chapter will intrcduce the basic facets of c<he
HBARPOON Weapon System and provid2 backg-ound or th: work
done in two previous theses, [Ref. 1] and [Ref. 2], <cward
redesign of the HSCLCS.

A. BXISTING HARPOON WREAPON SYSTEMN

The HAREFOON Weapon System (HWS) has been developed to
fulfill tke requirements of the Navy's &anti-ship mission.
The HWS is currently deplcyed on surface ships, submarines
and aircraf:. The HWS provid=s over the horizon anp=i-ship
capability in all weather, day ¢z nigk+<. The HWS is
comprised of the missils, laurchez, and command-launch
subsystens. Tre ship-launched HARPOON employs either
onboard or +hird par<y ss=nsor data f£o5r +targeting inform-
tion. The missile is a "laurnch and forget" weapon, siace no
ship control or information is needed afte- launch.

Fcr surface ships, the HWS control and data proc2ssing
functions are provided by the HSCLCS which has thre2 modes
cf operation: nocmal, casualty and t-aining. I the ncrzai
mode the major functicns of the HSCLTS ara:
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1. Distribution cf powsar to various HWS =quipment.

2. Selection and applicatiosn of missils warmup powsr.

3. The ability *c conduct various automatic ard manually
initiated tests which confirm cthe operability of <*he
System.

4., Distribution c¢f ship motion daza from skip equipm=nt,

5. Selection, transfer, processing and display of targex
data.

6. Ccordination cf the selection of the =actical missile
mode and *ype cf fusing.

7. Selection of the 1launchar cell ccntaining <he
intended missile ¢ be launched.

8. Initialization of the select2d missile and <the su
vision of <+he exchaange of data betweer missile aad
othez HWS equipment.

..l
[01]

9. Control of all missile firing activities.

ot

These functions ara implement2d and integrated by
HARPOCN Weapon Contriol 1Indicator ~Panel (HWCIP) =z2=d
BARPOON Weapon Ccntrcl Cornsole (HWCC).

The HWCC contains mwmcst of +the HARPCON system-uaigus

»
.
(1]

ot
3
M

command and launch subsystea equipment, including th=2 Data
Erocessor Computer (DEC), th2 Data Coanversion Unit (DPU) aad
the HWCC life suppor*t eguipmen:t, Tog2ther these componsnis
perform data processing and conversion among various data
types 2nd provide interfacing with existiag sensor and
ship's equirment.

The WCIE provides visual status iaformation to <hs cper-
ator during formulation ¢f tha firs contzol probl=m, and
additionally provides marual controls for the opera=oz. Tae
existing WCIP is shown in appendix E.

The DPC is a 16-bi* micrccomputar with 15K
The DEC uses an assembly language program =0 pr
follcwing:
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1. Launch envelore parameter valida<ion.

2. Missils2 comaand g2neration for implemen<aticn o
missile ccntrcl paraseters including shipt's a<-i=zuds,
search paztern orders, erqgine starting, f£light <armi-
naticn range, altimeter settiag, ard
table £fligh® trajectc-y and mareuvering modes.

3. Pre-launch testing.

4, Pre-launch sequencing aad +timing.

S. Data formatting and transfer synch-oniza*ior.

The DCU procssses all digital and analog signal conver-
siors as required by installed har-dware. Tha DCU =z21lso
provides interfacing of targe: data inputs frcm <the Naval
Tactical Daza System (NTDS) Slow In<+arface. Ship motion
parameter data is also corverted in th2 DCU.

BE. PROBIEMS ASSOCIATED WITH EXISTING HSCLCS

Since the existing scftware of the pressznt HSCLCS is
written in assemtly code and i{s heavily hardware depzndent,
the maintenance cost in the face of periodic missils chanag=ss
is relatively high. Also several different hardwars coafig-
ura-ions exist for tte different £iring plztforms.

Tha HSCICS also has nume-ous deficisences in engagement
planning as the op=2rator carr»n: fully control <the £ 2
of the new block missiles. In fac+t, <the opera
automated assistance in engagsmert planning in +*he
system, ard there is no display of ta=2 tacticz2l situa*icn az
the WCIP. The current fizing sslution does rnc+ have
men+al factcrs included unless ths cperatcr considers +hem
manually. On some platforms NTDS was intended to provide the
services mentioned in most of thsss deficiercies but the
location ¢f the WCIF has inhibit2d <his effort arnd indeed
many HARPOON pla<forms do nct have NIDS!
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C. HBABPOON WEAPON SYSTEM CONSTRAINTS

The ccnstraints in <his sectiosn are fo- +*h2 most nact
technically orian=zed. Ma nagerial constraints

determined ry compezent au+thorsity at a la<er date. Tha
upgrade cf —-he HSCLCS must be abla t0 support thes new biock
missiles as well as <he 0ld ones sinc2 the o0ld missiles will
be in the fle2t for scme time.

The inmplemen=aticn of +the upgrade musz+ contizues =0
provide all previous fuccions as well as interfacing wish
NTDS. The existing launcher hardware will resmain the same
and the physical size of the HSCLCS must bes “he same.

While the DPU hardware configuration cannot chaag2, +*he
LPC software is subject to <change as necsessary to impleman+

the upgradsd HSCILCS. Alt hough the curc-ent software is in
assemklvy 1language, this <is not 3 requiresaern £2r  tas
upgrade. System <rceliability of “hs upg-ads must ae2: or

exceed exis=-ing standards for the HSCLCS.

D. SYSTEE DEPIBITION POR HSCLCS UPGRADE

A detailed discussioa of the syste2m definitien £feor =hz

upgrade can bs found in [Ref. 1]. It is summarized beslow

The hardware of the system will change significant: ly
il-
able CPU with additonal memory. Ths WCIP will be moiified ¢o
include a display which shows the currsnt tactical situation

The existing DPC will be replaczd with a commzrcially av

W

and programmable sofiwar2 keys tc coantrol both +the display
and engagement planning f£eaturss which will be incorvporatad

into the DPC sof=ware. A hook and cursor similar to thos=2
in NTDS will also be provided at tha WCI? for *he opera-=cr.

- A

- A display rpzocessor will be attached to the WCIP. The DCU
Eﬁ: hardwars will remain the same howava- the sof:tware must be
o changed *o accommodate aevw iaputs fzom NTDS and envicca-
iﬁ men<al data.
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The sof-ware upgrade of <h2 DPC which is the maj
of the HSCICS focussd upon by this <hesis is *o elimina<s
*he existing deficiencies mentioned in the szction B cf
chapter. Specifically, a scfrwars plar must be dsv
which prcduces adegquate software that provides reguired
capabilitities aad is flexible enough in design %o be
fied in the futurze with minimum amount of blood znd ctearcs.

E. STATE OF THE UPGEADE

The sof+ware upgrade of the HSCLCS has be2en the subjecs
of the two praviously Tefsrenc=d thesas. Ths initial +hrus=
c¢f the firs+ thesis by Maronay and Sa2ptman was to develop a
softwar2 plan, Figure 2.1, and conplete the £firs+ throae
phases, Emphasis was placed on jcod scitware engiaaecring
techniques. A systems raquirements analysis was conducsed
which prcduced revised system specifications and 1laid =zhs
foundation for the preliainary desiga. Data flow diagrams
and subsequent <ransform 2nalysis techniquss described in
[Ref. 5] were used. ADA was choser as ths system design
language in anticipation of i+s proclamation as the standard
DOD SCL and because it lends its2lf so well to *he modu-
larity concepts necessary for modular design.

The seccnd <hesis by 0Olsen and Olivier continued +he
softwar2 developmen*t by deriving a pr-eliminary design fZrom
the produc*s of Maroney and Sentman. To con+inue +he plan,
a final design must te completed along wi<h detailed Jocu-
mentation. This final design pracess is described in the
methecdolecy chapter.
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III. SOPTWARE ENGINBERING SNAPSHO

The need for good software engin=zering ztechniques has
teccme increasingly evident in ths past decade with +the

exronential agrowth c¢f software dsvelopment arnd mainteranc

m

D

cos=s. Since necessity is ths mother of inven+tion, +th
number of new software 2ngir2ering methods anrd “echrnigues
has alsc grcwn exponentially. The m2 jor con=ributors to +he
m=thodolcgy of this thesis, Prsssman, De Marco, and Booch,
all have derived systems for software desigrn using “keir cwn
rarticular styles. In this chapter we will briefly discuss
those stvles and alsc comment on som2 other software design
msthodologies.

Structured design was first publicized by Yourdonr and
Contantine [Ref. 6]. It wvas developed <*o be used as *he
transition %901 betwesn Structured Analysis and ac<tual
imolementation. Composed of various concepts, measures,
rules of thumb, and analysis techniques, +his method with
early davelcpment by Ce Marco is <he basis for the Pressman
d2sign methcdology.

In [Ref. 7], De Marco describes the 1life cycle of a
sof twar2 prciect from requirements analysis “o specifica-
tions. Af+ter an initial survey of systems r=quiremer*s, a
data flow analysis is conducted using data flow diagraasms.
The nex* step ianveclves creating a data dictionary from the
deta idan+tifiad in the data £flow analysis. A%+ <his pcint in
Le Marco's methodology, the data flow diagrams are +rans-
lated in*to a s2t of specifications using a subset of English
called sStructured English. Structured English is a
s.ecificaticn language that makes us2 of a limited vocabu-
larv and a 1limited syntax. Ths vocabulary coasists of
imperative verbs, terms defined in th2 Da*a Dictiornary, and
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certain reserved werds for logic formatio=n. The meppirg of
the data flcv analysis to the Structured BErjlish scecifica-
tions is fairly algorithmic but uses several heuris=zics +hat
will not be discussed here. De Marco also explains ths
desired <traits of a dasign bas2d on <the specifica<icns
generated, but does not include a procedure for realizatich
of the design.

Pressman, {Ref. 5], €leborates on all phases o¢f :he
softwarz life cycle and gives several diffe-ent arpproackhes 3
+o design such as data flcw criented design and data stiruc-
ture orientsd design. In bcth of these areas he carries the
software development prccess through the pr:zliminazy d=sig:n
phase but dces not address specification generaticr. The
data flow analysis cf Pressman reszmbles that of D=2 Marco

0

but his transform/transaction analysis which lzads “¢ modul
Sig

[}
[
(98
o]

hierarchy charts contibutes significantly to
realiza+icn.

The okject criented desigrn methodology of Booch [Ref. 8]
conceras the development of design after some sort ol daca
analysis has been ccrducted. Bosch does 2ot indica=ze a
preference as tc whether data flow diagrams or any cther
kind of analysis identifies the objects in a project as long
as +he me+thod is complets. After objects are identified and
given attributes, this m2thcdclcgy develcps a system design
by stepwise refiremernt of a simple pros2 descripticr »f <he
systen. This prose evsntually is trarsfcrmed ir<oc ADA
system design language. Nc gquidance for corversicr of *<h2
ADA SDL *c structured system specifications is given in this
methcdolcgy.

There are several system analysis ard design =ccls =ha+
have Lkesn isplemented but have not jainad wide-spread use.
SADT (a trademark of SOFTECH, Inc) is a system analysis and
design technique developed within the Ycurdon orgarization
that 4is used as a <tcol for system defirition, sofrware
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" requirements analysis, and system dssign. The ms-hndolcay
o encompasses technical tools and a well-defined <c¢rganiza-
tional harress <through which the tools are applisd. An

automatzd requirements analysis tool is SREM [Ref. 5],

PN 4 W LN A N

where elements, attribu*tes, rTelationships, 2and struc*ures
= (@all rarts cf the Requiremen*s Statem=ant Language (ESL)) zare
combined tc form the details of the requirem<nts specifica-
tion. SREM was initially designed for embedded compn=er

IR

- svstenms ard requires a software support package callzd KEVS
) which uses cmputer graphics and repor<s on infcrmezion
flow. s+ill ancther avtomatzd ~ccl is CADSAT

-
el R ot

X (Compu<er~-Aided Design and Specificaticr Analysis Tzol)
? which with ESL/PSA prcvides ar analyst with several capabhil-
5 ities. These include:

1. descriptior c¢f information systams, <regardlsss of

arrlicaticn area,
2. creation of a da*a base containing descriptors for
! +he informaticn system,
{ 3. addition, deletion,and modificatiocn of descrip+ors,
<. and
4, precduction cf fcrma<ted doccumenzed and wvaricus

P

rercrts on the specificaticn.

CADSAT dces not presert a panacea bu+ i+ does provide
‘; tenefits <that include documentation quality, easy cross
3 refarence o0f documents, easy modification, and reduced main-
i +enance ccsts. The ma jor disadvan+<age of wmost of +*hese
automat=d systems is *hat they require a corsiderable amoun=

ctk

- cf trainirg in cxder tc be used effactively. However, he

g concept of automated design is here ¢ stay becausze th

[}

o

- tenefits far ou+tweigh the disadvanzages.

e The merhods described above are only a few of the maay
ways that software develorment is being corducteé <oday.
o The design tools such as decision <tabies, flow <chac-ts,
AIPO-charts, st-uctured f£lcw chacts, and program lis%ings

)
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abourd. t is outside the sccpe ©of this thasis tc discuss
ir detail all of the rethodologies, but cach on2 is baszd »n :
| the design principles outlined in this ~<hesis. I ez2¢h

X methodology produces results with th2 desired chacaczscis-
tics, only through extersive exparisnce can one julige the
relative efficiency <¢f +ke me*hodologies. Since scfiware
enginearing is s+ill at the fledgling s<tage, we carn only
hope that these methbdologies will mitigate the software

crisis,
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IV. DESIGN NETHODOLOGY

The methodology fer rafining embedded compu+=zr waapcens
systens specificaticrs, which is the subject c¢f <=his
chapter, is required to possess an algorithmic fcrm =ard
logical design a< all levels. By leavels we msan the levsls
of abstractior from which <he methodology <can be viewzd.
Fcr example, an outsider to the projzct office wcoculd view
the methodology as a "black bcx"™ which inputs broad spscifi-
cations ard fleet criteria and outputs firal design specifi-
cations and refined desigr prcducts (see Figure 1.1). The
Program Marager would be heavily involved irn the itecati
refinement of the system specifications and products a
consequently would ses the methodology as a generation and
refinement tool. His "black box" would be the Ccntractor
Support Services (CsS System Devalopment block of Figus=
1.2. Finally, the CSS Contractor would view <he me+hodology
as an algcrithm for fproduction. This algorithmic £lcw is
shown in Figure 1.3. These are proper abstractiorns for the
methcdolcgy; they optimally map th2 responsibilities of =zach
of the inéividuals in*o *heir required lsvel cf ccncsrn fo:
detail.

This chapter is concerned with irtroducing a me*hodology
at the CSS Contractcr level which embraces ail of the goals
and principles and prcper trade~-ocffs of Software Enginesring
design. This 1level can be viewed as the bottom 2f£ <+he
abstraczion hierarchy because it is +the lowest level at
which tte entire design is still wicthin visw. It 1is our
belief that if this 1level cf <the desigr methodclogy is

well-s+tructured and simpie then the =ntire hieracchy will he
so. This hypothesis will be further developed in Chapter S.
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The methodology, a=t the level specified abovs, was
conceived ard tuned using the following pair of guiding
tules: it must have a simple, saqusntial form and iz m
support a data transform driven design. By da<a <=-ansft
driven design we mean *that the products of design m
project hcw a datum 3is inter-elated o o<her data and how
data is transformed as processes ac* upen it. The rzasons
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for these fkasic requirements are th2 subject c¢f ths two

subsequent paragraphs. The achiavement of the €izs=
requirement is best revealed by an illustraticn; Figure 4.1
serves this purpcse. Notice on +this diagram that %*hz flow
is chacacterized by singular imnputs and outputs w#wi+th a
processing tlock betwesn them. This by definitior is the

bbbt d AR N L

simplest fotm of sequential flow, *hus +he first =-ulsz is

£28

satisfied. Figqure 4.1 addi%ionally shkcws that +the fics+
s~ap of tte methcdolcgy or what ws will hencefor+th refsr %o
as <+he first methcdology func+iorn is <o 5
ificaticns into Da+a Flow Diagrams. This Zurctiorn, da2%a
flow arnalysis, strictly fcllowus De Marco's procedure
[(Ref. 7], a procedure which fully incorpcrates the cri<ecia
fcr data +traasfcrm driven design isted in the definition
above. It follows that the second =rfule is additiornzlly
satisfied.

There are several strong r2asons £9r reguiring a method-
clogy with simpls, sequential flow. For exzmple, the usage
of such a methodology is straight¢-fc-wa-d aad easily

grasted. Further, this type of flow tends t> be highly
lcgic rather than heuristic orientad. Bu- the chief reason
we wanted simple, sequential flow was to heave a structurs
which ceadily supported nur me+hods>iogy mcdel. This moiel
views the system as a series of <£unctiocnal mappings, e.g.

data flow analysis is a function mapping specifications in*c

A
et
P T

a hierarchy of Data Flcw Diagrams (see Figure 4.1). The use
cf +he werd functicn is not inta2nded to imply tha< the
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products, i.e. the Data Flow Diagrams, produced by *the me=h-
cdology are themselves unique; the mappirng is ne-
ore-+o-ona. However, 4e suggest tha:t each of our me+hcd-
ology functions map their ipput product :into a small set of

cutput products which is a realistic par*ition of all
possikle cutput products. By realistic partition we mean an
equivalsnce subset cf +the output products which <c¢ontains
cnly those products having ali of ths desired structurz
rrirciples but which omi*s <+thos2 grossly ineificient repre-
sentaticns of the solution. The banzfit cf +<his terminclogy
is it =rables the readsr to> wview the methcdology fzcm a
familar technical vantag=s. Using the terminology we intro-
duce cur hypcthesis that these functions retain the proper-
ties of the input products by trarsmitting <them <o *
output preducts. In other +wcrds the methodology func*io
are designed +o ersure that the gocd Initial s+*tructucs is

(=B
nh o

carried fcrward th-oughout the mezhodology.

The main reascn for requiring th: msthodology to use
data driven design was based orn tha fact tha:t real-tinme
systems (ell applications o¢f our m2thodclcegy will be real-
time systems) are easiest +o dz2sign <this way. Shcoran
(Ref. 9) supports this hypothesis. We decided on da=a flow
design because the graphical naturs of *he data flcw model
supports DeMarco's [Bef. 7] beli2f <that all products of
aralysis functions shculd be graphic.

The procadures of the methodology represant the compila-
tion of related work psrformed by several distinguished
tioneers in the field of softwarz engineeriag. Bu*t the
overwhelming msajority of contributisns came from thr-es indi-

»
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viduals: De Marcc; Pressman; ard Booch. While 2ach cf these

g mzn ses the problem in the same basic lighkt, they have chan-
g neled their research efforts into differen: facets of the
féﬁ problem. The De Marco contribution consists of a methcéd for
o transfcreing system specificaticns into 2 se+ o0f struc+ured

=
L
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produc+ts, Data Plow Diagranms, which represent =a graphic

solution to the specification reguiremern*s. P-essga
£o

9]

details a procedure, +ransform/transaction analysis,
creating an abstracted hierazchy o¢f <context-indeperian+
modules, a Punction Hisrarchy, from Data Flow Diagrz=as.
Booch, claiming *o have achieved obj=2ct orisanted design
[(Ref. 8], contributes a met hod for developing a final design
given a Function His2rarchy. It will be shcwz la*ter +that tha
Booch prccedure is in fact an objsct oriented design <“=sch-
nique. Figurz 4.2 illustrates the specific areas c¢£ methcd-
ology coverage by each of the autkors. Portunately for cur
purposes, these areas of specialization correspond *c¢ crz or
mor2 of the specific functiors iz our methodology such that
all of ~*hem (except Specifications Refinement which is our
contribution) have been sigrificantly researched. Thus ornly
the structu-al interfaces Lketweer “he various ccatributors
rz2d 4o be specified before r=2ducing the methedolegy <“c a
series cf irdapendent functional units (see section B).

The effcrt required to s*ructurally in-erface between
the ccn+ribu*ors is winimal. On ths surface this may apprear
puzzling in light of t+he «ccmplexity normally enccun“ered
when synthesizing a ccmplete product from disjoint pieces.
But because each 9f the contributc-s used the same generally
accepted prcduc+t formats at the Iiatarface points, “hess
pcoblems were no+% present. No intarface is required bstween
the De Marco and Pressman pcrticns of the Methodology. This
is because Pressman uses all of the =cules of De Marco to
rroduce Data PFlow Diagrams, the iaput <o his <“raasforay
t-ansac+ion analysis. Consequently, we can viaw *+his situ-
ation as if De Marco and Pressman '"collaborated" on the
intarface. Nor is ar ianterface be%ween Pressman and Booch
rsquired. The por+ion of 3coch's method we use requires
cnly a fuaction hierarchy as ianput. Since <his is the
output product of Prassma:z, 20 s=-uctural interface sceci-

fied ty tte methcdolcgy is needed.
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A. BETHCDOLOGY CRITERIA

1. Goals

I

d Principles

The goals for <+he software produced by +he method-
ology (understandability, reliability, efficiercy, and modi-
fiability) are generally acczapzed by software enginsers as
those c¢f primary impcrtance. In ja2neral, this list eacom-
passes all of the relevant attributes necessary tc ensure
“hat software will realize its minimum life-cycle cost.
These gcals are defined as fcliows:

1. Understandability. Urderszandabili“«y is *hat pcten-
tial for software to proj2ct a cleas and lcgical
meaning. I+ is achievables in all systams rsgardless
of the complexity if bcth ths structure anrd the lavel
of abstraction are &appropriate for +the ©propcszad
arrlication. It must be stressed +tha* both o0f <«
properties ar= na2eded. Havingy merely a <Sormat+ed
structure yields a legibls but complzx product. In
order to realize any of the othesr goals, unders*and-
akility is paramount.

2. Reliability. FKeliability is the abili*y of “he soft-
ware to functicn, under all conditicns, as the sp=aci-
fications intended. I+ can be thought of as freedom
frcm 2nomolies as well as th2 absense of blatant
mistakes. Feliability also encompasses error
rLecovery, tke ability of ths program to c¢oOn*inu=2
preccessingy in the evsnt ~of noan-catastrophic systenm
failuare. Achievament of =otal T=liability is
extrem2ly difficult <> pcoove even 1in 2 sys=am

m

s+*rtictly adhering to scftwazts engineeriag principles.

It is impessible to prove sof*ware relliabili<y under
lesser corditicns.

3. ©Bfficiaacy. EBfficiancy, as a strictur2-dziving geal,
v

- is wrong. Hcwevsr, bla-z:n:t in:lficiency makes a
)
—
)
e 39
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system imprac+ical. The efiiciency balancz aust »>=

chieved by <first adhering +o5 ail o=her gozls anad

then screening for gross in2fficiencies whichk can »sz
corrected by encapsulatin and modifying inefficient
mcdules. This is suppor=24 by Belady 2nd L=zhman
{Ref. 10] who state tia* glob 1 op=imiza=ion is not 2
practical objective, but tha« by locally op=imizing,
global sub-optimization can be achieved. Thus effi-
ciency shculd ke dsfe-rzd until a 301id svstem szruc-
~ure is established.

4. Modifiability. Mcdifiabili<y is a broad term whickh

L]

ancompasses the ability to =2asily changes sof=ware fo

s

enhancements or serrors, fo- perfoTmance zTuning, an

-

fer subset*ing. The achievemant c¢f modifiability i

{7}

difficult because the effects of changz are very hard

~¢c predicz. Thus mecdifiability, moere rthan any cther

goal, universally requires “h2 strict adherencz %o
aci

all of the software engineecing pr ples.

To mest <hes<¢ design gocals, “he prianciples address=d
ir Chapter 1 (modularity, abstraction, hiding, localiza=ion,
uniformity, completeness, and confirmability) are the
primary attributes required of the methodology products. It
seems aprarent from cur readings +that among the seven prin-

ciples, modulacity and abstractioz are uniformly accepted as
+he dcminant =-equirements ¢f all scftware. lhis is not
surprising considering “hat *hese sof+ware qualizies, which
logically zeduce larce problems into manageabls subprcbleans,
are the most effectivs reducers of complexi-y. These “wo
principles are highly coupled; one abst-acts %o reduce
ccmplexity by mcdularizing and modularizes by perferaming a
series of logical abstractions. Thus th2y should be “hocught
cf as iterative subprocesses of som2 higher 1level ganeric
design process. A nmore jetailed Jescripzion c¢f <*he
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b requirements and specifications to benchmark “he achievement
cf modularity and abstracticn are given helow:

1. Modularity. As stated above, iz is nearly impossible
g tc address modularity as a stand-zlene principlia. 1In
its siaplest feorm, however, modularity can be consid-

f]
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ered achizved when the scluticn zTo <he problam is
zecuced *o a hierarchy of s3pecately addrassabls
mcdules. In crder for this hiazarchy *“o zpprcach the
o optimal soluticn, thcugh, it must have 2 good balance
f" between +“wo 1inversely proportional measures: the

decr<e of module complexity and <the degree cf inter-

0

‘
5

«

fice complexity.
Abstraction. Abstracticn, <09, is not an independen+*

0
(A

el
£ a0

concept. t can be considered achieved when the

!
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prcblem has beer iteratively expanded (or ste
refined) such *hat sach of the abs+*rac+ion levels has

[N
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a sclution rerresentation which captures the essense

N
%
state

of the system at this level, but specifies nc unnec-
2ssary complicating details. These levels of

. abstraction prcvide an intellectually graspatkle view
o)

f the prcbler's soluticen.

T 0f the remaining principles required of the me*hcd-
clogy the @most important ones ars2 comnpleteness, iIndepen-
dence, and hiding. While <the ©presen+tation of “these
- principles may tend tc imply that th2y are of second zchelon
crder, this is not true. Rather they complete the system of
interwcver requirements of <the ae+thodology. The r2zson
o these principles are presented separately is because unlike
modularity and abstraction these <ccrcepts afe2 not uaiver-
sally accepted in name or in <their definition by the
ccntributors. Yet each of them is 2ither dicectly statad o:
indirec+ly supported as met hod requirements. Fer exampls,

xoy, PR
LR 8 .

Pressman stresses wmcdule independance, a concept which
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requires modularity, abstraction, and completeness as przre-
gquisite principles. Thus Pressman aust indirectly sugport
these structural ccncepts. Furthearz, he requirss th

)

-
-

simplicity of module interface in his independence concs

"J

o
o™

This is actually a loose form of the hiding principle. T
key pecint, however, is that his method builds & sztructuzs

wkich allows hiding +o be efficiently appended t> the se~ of

RS ¥ N

principles across +he interfacs with the Booch method. From
a broad scepe this implies that thz methcd embraces a more

stringen* se&* of principles a* each me*hod interface ulzi-

| SRS

mately yielding a design which adher2s +c all of %<he nzces-

m

ary structurs principles. This idea is developed in the

n2xt sultsection. The specificaticns for achievemen+ of

these three additional concepts ara given below:

1. Ccorleteness. Ccmpleteness, a principle stressed by
De Marco, is a critical property of *he products of
cur mnethcdolcgy. ts criticality is especialliy
apparent when performing ths firs< furc+icr, datz
flew analysis. It is mpardatory tc ersurs that each
system specification is appropriately <captured ir a+
leas= one Data Flew Diagrem. Tf£ +he first prccedurs
cf the methodology prcduces a complete se~ of Da*z
Flcw Diagrams +*hen all subsaqua2at steps wilil have a
gocd, graphical representatioson of *he requireman+s by
which to benchwark. Thus achizvement of comrlatczness
requires the assurance “hat each me-hodology func=ion
carries fecrward 211 of the information from thz inpu=x
procduct into thke outputr prcduc+

2. Independence. Iadependencs, the chief rincipla

U)

essed by Fressman, beccmes an important concep=
when develeping the Functicn Hierzrchy. The degree

cof module independence can bes:t be qualitatively
measured by Zfirst measuring the levels c¢I cchesion

and coupling of “he modules. Cohesion is the pmeasure
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of module single-mindzadness [Ref. 5]. The higheas=

' 0
PN

cohesisn, which is <the goal state for maximizing
independence, 1is achieved when every module has a
sirgle functicn. Coupling is the measure cof mciule

interconnecticnr arl interdepsndence [Ref. 5]. The
A lowest ccupling 1is realizad wh=n +he intsrfaces

" k'o' B

between mcdules zre simplest. Lew coupling is also

required to achievs modular indspenéencs. Thus inde-
perdence is achisved when <+<he design pzcducts have

nAl’T""/.'
Lttt

= mcdules which address a specific subfunction of

A requirements and has a simple interface when vizwed
frcm cther modules.

3. Hiding. Hiding, a principle develcped by Parnas ard
hiohly stressed in the Bococh method, impliss the

-~ prerequisit 2 achievemsnt cof ccmpleteness, wmodularity,

akstractican, and indegendence. An sxpansicn of ths

S requiraments of indepandance that distirnguishes
hiding as a more powerful «ccncept is that these
single functior modules must have a simple irnterface,
tte interface opust be the only part of the module
visible to other modules, and how “he function is
- accomplished within the aodule mnmust be thidden
{Ref. 11]. This invisibility of module intermnal

[y ™
N
badecia SR

information takes us ons step beyond what +hese cther
four principles provide: design decision encapsula-
tion. Therefore, achisvement of hiding requires a
conscious effcrt by designers to delay design
decigions un+il “he lates:t possible <time and when

ttcenth Bttt oineh At

- decisions are made th2y must be encapsulated and
E; concealed in the structure of the design.

FI‘

s Tim Rentsch has boldly defined “he ra2quirements of
;ﬁ the nebulous procedure t2rmed sbject criented design
o

" [(Ref. 12]. He s+ates that ¢hz essanse of <kis corcept Is ax
rd
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adhererce *o0 the principles of abstraction, informa+ion
hiding, decisicn encagpsulation, and modularity. Using his
definitior we «can corclude two irterestirg facts. Firse,
tke Booch method, as Boech himsslf clainms, is objee*
crisrted design. Second, our methodology, because o€ its
strong adherence to *he five major structure prirciples, 1is
also an example of object oriented design. As the software
"buzz wcrd" of <the 1980C's, objsct criented design will
undoukbtsdly be a must in DOD software by the 1990°'s.

2. Pzinciple Sei Synthesis

New that all cf the design concep*ts required in <he
methodolcgy have been formally presartad, it is necessary tc
show how they are related %o the methcdclogy functions.
This includes determiring the pcint at which =ach of *hese
principles beccmes arn active conc2pt in the dasigrm. The
syn+thesis idea <¢f this subsecticrn r2fers to the £fact +fhat
all of +«te individual principles are not uniformly visitle
throughout =2very furnction of the methodclogy. Tkey have a
point &t which they become necessary and are thereafter
carried forward in <the principle sert. This idea thkat
concepts cnce incorpcrated ia ths dssign are thersafier
ingrained in its structure is justified in Section C of this
chapter.

Tc realize a principle at the optimum time in the
design, +*he structure must be capable of suppcr*ting the
inclusion of the rew concept. A rather simple way of
viewing “his requires one to visualiz2 the principle *o be
2dd=2d as nreeding a set of prerequisite trai*s. Fcr exanmple,

“he Fcerequisites for indeperndarnca are completerness,
abstraction and modularity. Thus, if the curren+* st-ucturs

.4
s

e

of the design <contains the prerequisitea +traits “hen the

P

structure will be carable of supporting the new principle.
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Because *he ssct of priaciples oehaves in the marncter
sta+*ed akcve, “he structuse regquiremsnts become increasingly .
more stringent as +*the design is rafined. This is +=h2 :
desired effect because the ultimatz objective of =«
oiogy is tc prcduce a design which 2ncompasses
software *raits but paintains its £1l2xibilis

possibla,

Tte ini+ial principle s=* for the msethcdclogy
con*ains the concep*s of abstraction and comple-eness. I+
is easy =0 see abstraction as a a2cessity because zach of
the func+ions iteratively <csfines izs products azd the
rafinement processs is based om 1lavels of eabstraction.
Completeness across all c¢Z£ the intarfacss reguires nc expla-
nration; without all ¢f the parts, “he design could not be
correct. A+* the first interface, the DeMarco/Pressman junc-
tion, the structure must be able to support “he addition of
modularity. The fact +hat modularity is raquired at this
poirt in the design is nc¢ surprises considering that <+he
purpose ¢f +the Pressman function is +to modularize. The

Y WP

second and subsequent iterations 5£ the module heirarchy
continually <=-e2fine the design structure to achieve low
module coupling and high module cohasion. When a satisfac-

tory trade-off between coupling and coaesion is made, inde-
pandence cf modules is achisved thus appending independenca
to the set of principles. Witk “hke se* oI principiss now
con+taining all %he prerequiéites, +h2 Przsssman/Booch iazar-
face s+tructurz is capabi=2 of supporting hiding. Figure 4.3
illus*ra*es the syrthesis of the priancipls se+.

B, HETHODOLOGY COMPCNENTS

Data flow analysis is the first facet of %“he evalua-

o
e
o
1 ]

and <synthesis phase o¢f a2 sofitwar:2 cCeqguirements
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determization process. By examining ths da+ta flow we geé
the tig picture on what the entirs system receives as input
and produces as output and the pata that data follows in <the
system to Le designed. Data flow is our analysis start
point because we do nct want to get bogged down in specific
areas of a system trying tc defin: functions which may not
be clear in the initial analysis. Data flow, on the cther
hangd, is usually amuch easier to identify +than flow of
control, which in most large scale projectis is very complezx.
The primary tool we will use to examine the data flow will
be the Data Plow Diagram (DFD). In this section we will
briefly describe how to build a DFD summarizing the me*hods
detailed in [(Ref. 5] and [Ref. 7] and alsc what the DFD can
give to the Program Manager. We will also introduce a set
cf 2xample DFD's from *+he HSCLCS system that will be used as
a case study to illustrate the methodolcgy componen*s
throughout tha chapter.

a. Data Flow Diagram Definition

The data flow diagram is a graphical aid for
depicting +*he data flow of <th2 software system being
designed. A complete understanding -of the DFD is imperative
to the understanding cf the design methodolcgy described in
this paper. The most significant characteristics cf DFD's
are:

1. The diagrams are graphic.

2. They produce ratural partitions in a system.
3. They are multidimensional.

4., They emphasize the flow of lata.

5. Thbey de-emphasize the flow of control.

Data flow diagrams are made up of four ‘tasic

elements:




1. Data flows represerted by an ar-ow or vector fzom the
scurce of the da*ta tc *he da2stination.

2., Prccesses represented by cizcles or "bubbles".

3. <Stcred information (e.g data bases or files) repre-
sentzd by two horizontal parcallel lines wi*h a mean-
ingful label.

4, Data sources and sinks reprssa2nted by bcx:ss.

Data flow can be broadly defined as infcrma+ion

flowing Letween two frocesses or bstween a process and z
socurce or a ink. There ars several general rules
concerning data flow.

1. Data flow names are hyphenated and capitalizea.

2. No two data flcws have the same nanme.

3. Checcse names that describe the data explicitly Lut be

concise.
4. Da+a flow should not represant a flow cf con<rol.
5. Data flow is not considered a prccess activatcr.

Procasses invariably show some amount cf work
performed on data. Mcre explicitly, a process is a transfor-
maticn of incoming data flow into outgoing data flow. Each
process bubble should be numbered and given a wunique
descriptive ranme.

Sources and sinks inc-e2ase the readability of
the DFD by showing where the net irpu<s to <“he systea come
from and where the net outputs go to. Sources and sinks
differ from files and data bases in that they are considered
to be cut of the context of the systsm. Thus, they shkow how
the internal system relates =o th2 outside world. Pigure
4.4 1is the source/sink diagram for +the Harpoon Systenm
Command-Launch Cecntrcl System (HSCLCS).
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E. DFD Construction

The first point <o keep in mind during th2 data
flow aralysis is not to *ry to learn sverything at onz <ime
about the whole systen. Think +top down by ccnceptualizing
+he high level data flow first, defsring the development of
tha low level data flow. Especially avoid addressing any
implementaticn details at this time and be flexibls ernough
in ycur thought process to s+tart over from scratch if road-
tlocks are encountersd. Remember the data £low analysis
Frocess is it2rative.

The primacy input to ths data flow analysis is
the Proad Specifications of <+the systam > be des
Direct 1liaison with +the Program M¥anager and prospective
users may also provide additional infcrmazion. A key poin*
to remember during each phase of the methodeclogy is that
decisions ccncerning design that are no*t specifically
addressed in the Broad Specifications must be documentsd a*
the pcint c¢f the decision. These dJdesign decisicns will
later be used to update the Broad Specificatioms.

To start the process, identify all net input and
output éata flows and list them around the border of yocur
working paper. This s+tep is importaat because it is at %this
point that you define the context or scope of the analysis
to be conducted. Data flow outside of the scope dsfined
here will never be addressed again.

Filling 4in the DPD 1is the next step of <he
2 process. Whaz you try to dc is put lines in your Jdiagram
- depicting data flow and try *c connect them with circles or
- "bubkles" where a data transformation occurs. You can star:
;6: zom the inputs, ou+puts or in the middle whichever is <he
e most ckvicus developrent for you. Insure flow of data goes
' from left +o zight for case of reading and aveid looping
tack to the left. If a loop app2ars necessary, duplicate
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i the process bubble that is lcoped +to in order =¢ ke2p th
il data flow moving right. Do not crass lines and defsr naming
t+he kubtles until later. When all of the data flows are
< connected then examine each bubble to determine if some data

s -

flow cccurs within a bubble *to achieve the bubble output.

If so, then break down the bubble into subprocesses and

N

create lines for the new data flows discovared. If ycur
working paper is getting flocded with linss 2at this point,
it may be *im®2 to consider a leveled DFD approach.

Basically with <he levzled DFD the £firs*% sheet

DOOERERY

of working paper contains the set of lines and bubbles tlat

-~

were thought of on the first cu: while subsequent sheets
contain the internal development of bubbles that wers detzr-

S

AR

minsd to contain internal data flow. The leveled DFD syscten
L enforces top-down data analysis for large systems which in
turn naturally induces modularity in system design develcp-
{2 ment. Figure 4.5 is an example of a first ~—u* syst=m DFD.
For conventisa purgoses the bubble which spawned the

( internal data flows will Dbe called +he parent and the
;{ bubbles that result are called children. For rumber:ing
» clarifica*icn a child is always given a unigque number which
ff is prefixed by the parents bubble I process number. As a
correc:tness check, always be sure th2 inputs and outputs of
- +the <children corresgend to those o0f the parent and vice
- versa. It is also wise to only expand one bubble at a time
- to insure contiauity of thought. Data bases anrd files
accessed or modified by a bubble should appear orn the high
- level diagram with the parsnt =zad <th= appropriate 1lower
lavel diagram with the chilg. T> be sure, upen further
analysis a c¢hild may develop childrzan of its own and in this
! way various lavels of a system would be created. Figure 4.6
k: shows how one bubble of the HSCLCS was decomposed <o form
new levels. Note that this particular exampl2 does no=
o balance par=nt and child inputs and outputs; so fur<ker
refiremen+ is required to capture =h2 corr-ec:t data flow.
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After your paper is filled with 1lipes =ané

D
LY I

: . 1

tubbles, ycu shculd label +the datz flows. Make suz= the

»

namas of the data flows are honest, concise and descrip-ive,
Be careful not to grcup disparat2 it2ms together in%o cne !
data filow whern they have no business being trea<ed as a
whole. If the name is not very obvious, it is possibie tha<
you need to rspartiticn or treak dcwn the flow intec levals.
The naming process is designed to help you catch ercors in
ycur data aralysis so be prepared to back up and reconsider
at <hkis pcict.

After the data flows are approp-iately label=zgd,
i* is +time *o label and number ths process bubkles. Use
similar guidelines for naming the bubbles as you did for <*he
data flicws. Additionally,try tc ccastrzuct names with a
singular ac*ion verb and singular object. If ycu finé ycur-
self caught using two verbs for ons2 bubble, it may be *ipe
tc repartiticen.

After one iteration of the DFD process, a gced
practice is to set it aside for awhils befors begirning the
refinemsnt procsss. The refinemsn%t prccess ccnsists of
exapining cach bubble and data £lcw 1line to determins if
further deccmposition is required. Informa“icn ccntinuity
is required on all refinzments in that all incoming ard
outgcing data flows in a refinement must have appeared on
the previcus version. Figures 4.7 and 4.8 show a initial
decomposition of a process bubble and a subsequent r2fire-
msnt. The iterative process coatinues until <he analyst
feels tha* all bubbles and data flows have been ccampletely
dev2lcped or until further decompcsition weould not be cf any
prac+ical use in his cpinion. Clearly, <xperience will bsst
teach <the analyst when the botzom level is reached,
Furthermcre, fina. versions of DFD's from this stage of the
de2sign methoddlogy may be required t¢> be modified ducing the

- nex+ rhases of the me+hodolcgy.
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Examples ¢f DFL developmeat for the HSC
contained in Appendix A.

~ e v

€. Using the DFD

The initial use of thz DFD is =o <conver=t this

product intoc a Function Hierarchy via the <transform/

B’ 8.4 & B¢ ¢

transaction analysis technique described in “te rnex*
secticn. The P2rogram Mapager will use the DFD's “o famil-
iarize himself with the basic data flow cf tae design cf the
system graphically withou* having to <“races the flow of dzata
through a lengthy algori+hnm, +he Broad Specificazions, or
+he final design. This initial graphic urderstanding of the
system to be managed will also allow the Program Manager <o
more easily understand the final design itself ard +o be
able to quickly c¢cnceptualize ths flow of dinformation
refered to in the design decisions documenzta=zion.

The data flow analysis, comple+ted ir +he form of
dzata flow diagrams, will lay *he corner stcne for the devel-
opment of the design. This process must be done car=fully

e ok chdioadindhonduochy

*5 insure that the foundations for mcdulari“y and impliciz

informaticn hiding are established fzom the beginning of <%ne

system development process.

2. TIransform/Transacticn Analysis

a. Definitions

ransform/transaction analysis is an algerithemic
techriqgue f-r develoring a Hierarchy of Functicns which is
dependent only on the structure of the Iapu< product, *he
Latza Flow Diagraums. As <he method naae implies, <+thece are
only two high-level structural foras indigenous «o data flow
diagrams: <+<ransform flow and tramsaction flow. The m=*hod
supposes that certain fundamerntal charac=eristics exis*t in
3ll scfoware systems: data must be inpu%, mazxipula*ed, and
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output. These characteristics are broad ernough in ra<us-s teo
make ths t“echnique widely afpplicable <o many types of sci:z-
ware development. Specificalily, the method is highly ccmpa-
table with the Jevelcpment ¢f real-time systame makiag i<
ideal fcr ocur purposes., The re2ader desiring further discus-
sion of *re *echnique shculd ccnsult Pressman [Ref. S].

Transform flow, our fundam2ntal system model for
2ll data flow, envisicns *he system as inputting and ocu“pu=-
+ing date in an "exterrnal world® form and prccessiag (trans-
forming) cf info-maticn in aan internzl ferm. Trzrnsfora flow
is necessary to accommodate both the user who must inpu=x and
interpret data in the external fcrm and =<he compu*er which
must process data in the internal fora. Simpiy stated, if
the flow of informaticn can be viewed over <ime as: {1) an
afferen- flow frcm the external repressn=za<ion of the inputs
tc the internal representaticrn; (2) a process flow where chs
internally cepresented data is manipulated *¢ produces <khLe
dzsired results; and (3) an efferant flow from “he intarcra
representaticn to some appropriate external display for =hs
information thern transferm flow is present. Figure 4.9
illustrates the ¢transform £ficw of information. Traasform
flow, as a basic model for all software development, chacac-
terizes systems very simply. They input data, change it to
ar internal form, process it, changa i+t to a suitable output
structure, and output it.

Tc solidify the abcve discussion, we must define
afferent and =fferent <£flow which is the key to the charac-
terizaticn cf transfcrm flow. Affarent flow is informaticn
fiow along pa*ths which cause the gradual transformaticn of
data from an ex*ernal format to an internal <format, The
+rarsforrpation can be viewed as a funneling of +he infcrma-
tion through 2xternaly/internal interface translators *cward
a cantral processing pcint, a transform center. Efferent
flow is the £flcw of irnfo-mation cutward <£rom *the transform
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FPigure 4.9 Transform Plow.

cen~er <tikrcugh internal/external inteczface %ranslators to
the devices which will displey the rasults of thz prccessing
to the system user.

Transacticn flow 1s characterized by a procszss,
called a “ransaction center, which takss an external impetus
and causes the data flow to0 be direczed down cne of several
Faths emanating from the “rarsaction cez*er. The path *aken
is determined by the value of the iaput. FPigur2 4.10 shows
the generic form 29£ a +ransaction flow. An easy visualiza-
tion of transaction flow is tc compare i1: wi<h “he sgtandard
case statement. The case statement structur2 correspends to
the transaction cantes, the case variable value is squiva-
lent *o the external impetus (iaput), and +he sukprccsss
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Pigqure 4.10 Transaction Flovw.

called when executing the case statzment corresponds <o the

action path taken in the Data Flow Diagram.

h.

+echnique,

Proczdures: A Cass Study

7o present the transform/transactioson analysis
@ case study c¢f <+he HSCLCS Display Engagement

Mcdule will be uszed. The Da%a Flow Diagram peztinent tc the

case study

is shecwn in Figuze 4.8. A g23neral tule applicable

=0 *his arnalysis is tha= <the entire c2firement process of

2f
the Data Flow Diagrams mus+* be ccaplezaed befere ccmmencing
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xf the prccedure. Othervise, +he proper s*cTucture cf <h=
5 Functiorn Hierarchy c¢annct b2 assurad. Ths precsadura
(j detailed belcw provides a terplae £5r a generic system. In
4ﬁ: scme rslatively simple develocpments, all of <=aess steps miy
}k nct be needed, e.g. secondary flow analysis, ard carn thezs-
N fcr2 b2 omitted.
- (1) Flow Characteristizs. The firs* step oI ths=
= rrocedure is to determine tha characteristic flow sf <he
ﬁﬁ dzta. I+ is possible for beth *ypes of flew to exist oz 12
" single diagram; this is the case for our :2xample. Under
Jar these circumstances the deminant flow vpatern must be Jeotser-
ﬁz nined. In ths case study, <h2 traasac-ion £flow abou= the
ﬁs tubble laksled "Display Engagement Controller" appears to he
- dominan+.
- (2) Marking ¢the Diagram. Nex+ =h2 Daza Fliow
fi Ciagram Is annotated to shew “he various <£flcw bourdaciss.
?ﬂ Becaus2 th2 transac*ion flow is dominant, we will apply *hs
,:' zules £oz marking the transaction flow first and 1lock for
&: “he afferentsefferent boundaries to mark the transfcrm flow
f;f secornd. The rules for <+transaction analysis begiz with
i: finding arnd isolsting the transaction centsar. As the d=fi-

nition sta*es, the transaczion <center is +that precedural
if kubble which ccntains multipie radially =@manatirg data
{E raths. Figure 4.11 shows the isolation ¢f *he =rarsaction
E: center for “he case study. This idsntification 5f the ma jor
b - flow will ultimacely develop *he upper level modules on the
';3 Functicn Hierarchy. To provide details for @ good Hiera-chy
i; Chart, further refinement of <+he flow characteristics must
;j ke performed. Since all of the sacondary £flow in +he case
;i study is transform in nature, the next szep is t2 lccate the
2 ~ransform centers. They are easily found by observing the
i; affarent £low into selectied procedural bubbles and the effe-
Ef sent flow cut of others. In the case study, the secondary
"; £low or the laft side of the transaction cen<er is de+«ailed
o 60
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Pigure 4.11
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while cn +tte right side it is trivial (se= Figure 4.12).
The right side is trivial because ths flow boundacties ar< In

.
4 FAFSFRVEREEF IS IV DL

lowest terms: a ingle datum afferent flow; a single
processing bubble; and a single datum efferent flow. Thus,
ore would expect the mcdular breakdown on the input side of
the hierarchy ¢o be scmewhat aore Jetailed than *hat orn the
controller side. Later this will be shown to be the case.
(3) Hierarchy cf the Dominaat Flovw. Cnce the
Pata PFlow Diagram is appropriately marked, ths first cu+
hierarchy for the dominant flow is gesnerated. The fact *+hat
flow is the ke2y to generating <the hierarchy suppcrts the
suppcsi+icn that +he structure built during the data flow
analysis will be wmaintained. Both types of flcw have
s-rictly mechanical means to arrive at the €firs+t cut hier-

archy. This is because of the way data flcw diag-ams zre
partitioned when marksd.

Wwhen the dominant €low is <+ransform in
nature tken the first-level factoring produces a <=wo level
hisararchy. The upper 1level is a coatrcl module with a

generic name chosen tc illustrate ths global func+tion of the

s

o
Sy

procedure. The second lavel ccntains three generic ccertrol

mcdules with the following functions: one <coordinates the
afferent information, tha second controls the processing,
and the third coordinates the efferent informaticn. The
process bubbles controllad by th2se <thre2 wmodules are
captured by the afferent/processing/efferent bcundaries
marked on *+te Data FPlcw Diagranms.

Should +he dominant flow be <+ransac*ion in
nature, <*he first-level factoring produces a <hree level
hierarchy. The upper 1level performs the same functiocn as
its ccunterpar: used in transform flow. Th2 middle level
consists of two controllers: .ne for <cortrolling modules
vhich handle the input flow to tha2 transaction center and
cae fcr cerntrolling modules which handle “he individual
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Pigure 4.12
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Figure 4.13 Dominant Plow First Cut Hierarchy.

paths emanating £from the +transaction center. The bezton
level consists of a group of modules =zach cor-espondizg tc a
single daxta path out from the transac+icn center. Figure
4.13 shows the first cut hierarchy for +he dominan* trans-
action flow cf +he case study. '

(4) Hierarchy of Sscondary Flous. The first
cuts of the secondary flows, which are handled nex:t, are
performed in exactly +the same manner as the Jdominant flow.
The cnly difference 1is that the top 1level aodule, the
centreller, for seccndary flow must be idenzified as scae
module cn the first cut domirant flow hierarchy. Because
the secondary flows are zacked in relation <o the markings
¢t “he dcuginant flow and cannot cross al-eady existing flow
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Pigure 4.14 Seccendary Flow Pirst Cut Hierarchy.

boundaries, seccndary flows are always encapsula%tsd within
either the dominant or amother secondary flow. Therszfore
the tcp level ccentrceller of a secondary flow must map into
some lower level @mcdule of the dcminant flow's (or a
controllirg secondary flow's) first cut hierarchy. inding
this 1lower level wmodule is easy; it is <*~he ore which
pecfcrms the labeled function on <+hs Data Flow Diagranm.
Figure 4.14 shcws the first cut hisrarchy for the sacondary
flow.

(5) Second-level Factoring. Secondary factocring

is cocncerned with developing the 1lower level modules ir +he
hisrazchy. It is basically a mechanical process oZ locating
ules which perform the same functions as their data flow
gram bubbls cocunterpar:s. The bubbles contained within
+he ‘flow btcundaries rceated by wmarking <hzs diagrams are
rzquired +c¢ be mapped into modules subservient <o the
contrcller for that particular subflow (i.e. *“he afferen:,
processing or <¢fferent transfora flows o- “he irpu« or
dispazcher zransacticn flows).
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It is not maadatory to have a omns-%“c-ore
mapping betwesn bubbles and modules although the degr=e cf
mechanicalness of the process is dspendent upon tkis. This

.Jl
|

step should be performed as mecharically as prac+tical +*o
precluds less of infcrmation due to premature refinement.
Bowever, mapping strictly by mechanics without regard for
obvious simplifications fails to descrease the cocmplexizy of

further factoring. Practical «considera*iors dictate *he
outcome of <+he second-level factoring. FPigure 4.15 shows 3
the second-level factecring for the cass study. It was done
in a mechanical fashion so that the <refinement tachniques
discussed below could be more adequately showr.

(6) Refipement Heuristics. The first cut struc-
ture c¢f the hierarchy diagram has many rough =dges. The

smoothing process is not well defined; i+ applies a series
cf heuristics to the Function Hierarchy to refine the systenm
structuce. These refinements are necessary to promote the
software principles discussed throughout the +thesis. The-
following heuristics, offsred by Prassman [Ref. 5]}, meet our
needs:

1. YEvaluate the prelimirary sof+ware design to reduce
couplirg and improve cohesion."™ 1If a module enccm-
passes multigple func+ioms, the software structure
will suffer a loss of <cohasicn. Explosiocn of <he
pcdule into a set of singlsa-function modules regairs
the cohesion. If a module has a&ar unreascrably
ccoplex interface, coupling will increzse. TImplesion
of the function into the paren: mcdule will simplify
the interface. Note that implosion and explcsion
have opposite effacts cn ccupling and cochesiorm. The

optimal balance beitweer coupling and cohassiorn is the
.- goal and drives the mcduls rsfinemsnts.

- 2. "Attempt to wminimize structur with high fan-out;
L . .

N strive for fan-in as depth increases." An example of
r @

o
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a high fan-out structure is a tree. This <*yrs o
structure does no* attempt t> abstract similar pacts
frcm modules and make them sSubprccedures <¢c a aulti- '
~ude of tLigher level modulas. It is thezefore a
wasteful structure. Fanr-in at a low level generzlly
indicates a well abstracted structure with singalar

purpose modules.
3. "Evaluate module interfaces to reduce complsxity and

to improva consistency."™ The parameters passzd to

11

[{}]

mcdule must be simple and coasistent with <the func-
si

ticn 5f the module. Otherwise 1low cohesion and
ccnfusion on the part cf the module user will Tesult.
If¢ a complex interface is necessary to reasonably

perform the desired task than all the modules ir the

immediate area should be resvaluated. '
4. m"strive for singl2-entry, single exit @modules,
avoiding pathclogical cornectioas.” This simgly

i
warns us to develop mocdulss which ars santer
top ard exitted at the bottom. Patholcgica
+icns are branches irtc or out from the m
mcduls. They must be rsligiocusly aveidad.

(7) Refipeme

-
- ’-—_h

ess. The refinement heuris-
tics listed above fall under <the gsneral category c¢f module
independence promoters. Seeking high cohesior and 1low
coupling ty the implcsions/explosion routine is necassary in
varying degress “*o gain this independence. The deg-ee of
necassity is dependant upon the la2vel of refinement of the
Data Plow Diagrams. As the DFD's capture more detail, the
number of correc*, efficient Function Hierarchies decreases

because detail limits design options. Thus, as %he s=t of
~ CFD's approach maximum refin2ment the transform/transaction
e analysis process approaches a fully mechanical algorithm.

o Eut Ltecause =~he level of refinzm=zt <of the Data lcw

o
PP R

Wy
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Diagrams 1is realistically (and desirably for complzxity
raducticn reasons) rough, heuristic are need2d to refine
the Hierarchy Chart. As indicated, +*these heuristic prcce-
dures are rot mechanical. They =r=ly on common sernse
decisions by *he user to transform th? current structure o
a form which simplifies the design. The final arbitsr is
human judgement,

’ In the case study, several refinerments can
be made. Refer to PFigures 4.15 and 4.16 throughou* <hz
narrative, Pirst, +*o aid abs<racztion and contcol coupling
all references to data in databases will be through a gener-
alized data interface, an abstract database managemsnt
svstem (LBMS). Thus, the two database manager modul2s hava
been replaced on the final hi=rarchy by a gereric ccntrcller
for all calls to databases. It is beyond the scope of this
discussion to refine +the DEMS module. Nex+, the M"Accept
Cisplay Engagement Commend" nodule, which perfo-ms rno
processing, was for simplicity reasnias imploded intc the
"Accept Inputs" module. Thircd, the processing of the

mn

"Process Inputs" module, which i dore by the "Accept
Inputs" module, and the processing of th: "Output Engagement
Data™ module, which consists of only a parameter pass, are
not necessary to control cohesion. This type of redundancy
is common tc secondary flow analysis. Corsequently, they
were implcded into the "Input Controller" module. Next,
because the function of the "Input Ccntroller"®™ and the
"Accept Inputs" modulaes are identical, =+he struc*ureée can be
simplified “o a single module to <=sduca coupling wi%h no
loss of cohssion. Note that tae Zianal aname chosen for this
second level module was "Prccess Inputs" rather than "Inpu<
Ccntrcller" or "“Accept Inputs™. This is because the name
"Process Inputs" is +the mest descriptive =f these <+hrese
candidate names for thes module. The final modifica*icn %o
the design, that of abstracting siailar- data from the <twvo
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scaling modules, attempts to "fan-in" <he structure. It is
shown as a dotted Gfrocedure cn PFigure 4.16 to show that
factoring is possible but not assured.

3. Ecdular Develcpment

Mcdular develcpment as a formalized procedure is a
technique for transforming the propsrties of the Hierarchy
Chart structures into Module Descriptions. All of +he data
regquirsd tc define the modules in very general terams is
contain2d in the structurs ¢f +the Function Hierarchy. The
transformaticn, while s2emingly subtle in naturs, is a very
impcrtant step in the methodology. I*t provides an elzgant
way of changing the system specifications from their totally
graphic fcrm into a short narrativa form. This traasi<ion
is a necessary first step toward using an SDL, an ADA STL in
our cass, to further design the systsm.

The compcnents of a Moduls Description capture *he
necessary d=tails of modules commensurats with +their bhigh-

level position in the design rafin2ment process. While the
actual fecrmat of the Module Descriptions is not critical,
the ccntents contained within <theam 1is. The ccmporents
p-ovide a ccmple*te description of tha module for this stage
of the desiqgn. The dJdefinitions of each of the MNcdule 1

Cescription parts are listed below:

1. Module Name. This name must be the same as the cne
cn the corresponding module of the Function
Hierarchy.

2. Mcdule Puncticn. This narrative prcvides the purpcese
of the module in broad terms. I+ should reveal a

singular purpcse in order to meet the criteria of a

Sf module.

é: 3. Supervisory Mcdules. These are the modules that call
:f this module. It is the inter-face with -he surervi-
E; scry modules which is explained below.

=
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4, Module Interface (Parametars). Here the ADA
SDI-styled paramet ers are listed and further
explained in a shcrt narrative. The narre+ive
reveals the basic structure for <he 3ata type of the
rarameters. The interface is a bridge betweern +his
module and all of its supervisory mcdules.

5. Sutordinate Mcdules. These are the modules czalled
within <the becdy of this module. Their interface
definitions are handled by the subordinate mecdule's
interface.

6. Design Decisicn Encapsulation. This is the sinqular
decision which the module hides within its body. T+
must be a singular decision to meet Parnas's criteria
for a module. ds the module is further develcped,
addi+tional 1lcwer 1level decisions will usuzlly be
necessary. To maintain the Parnas singulari+y
requirement, these decisions must als> be encap-
sualted in their own procedural structure. Thus, the
Hierarchy Chart is a dynamic product being continu-
ally refined as design gquestions arise and decisiocns
are made *o accommodate then.

Figurz2 4.17 shows a rscommended style for wmcdule
descripticns. The example is one of th: modulss developed
in the case study, THREAT_ANALYSIS_DISPLAY. Viewing Module
Descripticns as *he first step of the daesign in the SDL and
therefore the first products of 2 step-wise refinement
process for the system design, we present the descripticas
in ALCA SDL <comment fcrm. Becaus2 tha Module Descriptiomns

:af' contain the necessary details to fully define <*he modules,
,65 they <can ke used as the user iaterface in the ADA SDL
fif design.

.;Qj Tke modules should be developed independently by
‘ji? first producing +the Module Descriptions in separate files
o
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-%% x% |
—:: Module: THREAT_ANALYSIS_DISPLAY ::
-%% %
-&% Module Function: *%
-%% To query the database managemernt sys- *%
~%% tem for the data regulrzd to displa *%
-:: the threat data on the HSCLCS console ::
-%% Supervisory Modules: *k
-%xx% PRCCESS_INPUTS &
-%k% %
-%% Mcdule Interface (Parametcers): *%
-%* - Threat; out Threat_Type *k
-%*% (This is a buffer Tolf holding the *%
—%% current threat data suitably for- X
-*% matted sc that the task THREAT in *x
-%% *he package DISPLAY can put zthe *x
~k* data to t CRT.) *%
~%k% *k
-%% Subordinate Modules: *%
-:: DATABASE_MANAGEMENT_SYSTEM ::
-*% Design Decision Encapsulated: ) *x
- kX ke lnterface with ths suparviscry ¥
-%k% mcdule will contair the struc*ures in o
- %% CRT 8rzd coordlnates compatable with *¥
-%k% the CRT us<d This moduie is there- *&
—-%% fore an abstract intserface between +he %
- %% data positions contained in the data- %
-:: bases and the actual CRT positicns. ;: ‘
-%% k|
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Pigure 4.17 Sample Hodule Descriptionm.

and <+hen writing tke SDL "code" apperded +5 the Module
Cescripticns. This accomplishes two gcals. First, it
Fresertves module documentation in its most logical place and
most desiratle foram. S2cond, it provides physical eacepsu-

lation of the module encouraging its independent use in scme
cther sys*en. This is an iri<ial step toward programming-
in-the-large.
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4. Transition tc ADA Design :

The trarsiticn to ADA design functioa complezzs the

system design. Using the m2thod for segregating and docu-

'1
menting <the Module Descriptions explaired ia <+ths last
ssction, the transition builds the narrative structure into '
an ADA-ccmpilable System Design Language "prograam", It
incorrorates <the stepwise refinemasntt approcach of detail
: abstracticn thrcughout the process. The stzps involvsd in
= this functicn are sirgple to comprehend and follow feor chose
moderately versed in the stepwise refinement +echnique.
Stepwise refipement is a w2ili-known concep:t in zhe
software engineering community. I is nct universally
- accepted, however, as the all-encompassing detail abstrac-

3
1
L
h
r
]
]

> tion methcdclogy. Because i+ is v2ry useful a+t +his poin+
~ in our methodology, we have endorsed i+, In a nu+tshe1ll,
- stepwise refinement is a decomposition procedure which
- refines a previous, higher-lsvel view of a module. I+t is
(x different from a similar techniqus, top-down desiga, because
unlike the top-down method, stepwise refipemert is limited
- to developing only structured constructs within modules.
Before proceding with the rafinement process, tha
Data Flow Diagranms, Module Hierarchy, and Mcdule
Cescripticns must be reviewed +to identify po*tential modules
. for packaging and +%c¢ look a= the <concurrency profile (best
- shown by the DPD's) <¢f the systen. The packaging criteria
consists of four general <ca%*agoriss of applications forc
packages €ach with multiple subcategories. The broad appli-
oy cations are: named ccllecticas of declarations; groups of
?V related program units; abs=tract data types; and abstrac*
£ state machines. Bocch [Ref. 8] discusses these criteria in
detail. Applying these cri*eria to “he case study, noctice
that tte three display moduies along with the
YPROCESS_INPUTS" module in Figure 4.16 would bes candida<zes
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for ADA packaging. This is becaus2 by packaging <hese
modules +he required inputs can be hidden from the
"DISPLAY_ENGAGEMENT" module <thus rzalizing both a grouping
of related program units and an abstract state machine. The
cti*eria fcr ADA tasks als¢ s3rve four applications areas:
concurrent actions; routing messages; managing shared
resources; and interrupt handling. Again Booch [Ref. 8]
explains these applications in d=atail. Returninag <o the
case study, these three display modules pecform func+ions
independently of each o*her as shown on Figurs 4.8, the DFD,
(i.e. *hey do nct operate on the same input parames+ters) and
consequsently are candidates for <concurreacy comntrol using
the ATLA task mechanism.

Tte procedures of the stopwise refinemsnt are not
particularly rigid. As previously stated, the main idea is

(=)
o
1)

to deccmrose @mcdules inato structurzd construc:is.
following steps form our methodology £for completing +th=
design.

1. Write the procedure, packag2, function, task, =tc.
specification including all 2f its pacameters,

2. #Write the body name cf the procedure, package, func-
tion, task, etc. with its parameters, a short narra-
tive of the kRkasic flcw, and the appropriate end
statement.

3. Replace tte narrative c¢f th: body by th2 high level
coenstructs of the algorithn.

4., Corntinue refining the algorithm by adding detail
until the desired purpose is <clearc. Give 1no mcre
detail than necessary to msze: the abov=2 criteria,

S. 1If during this process the need for design decisicas
arises, defer the decision by creatirg a subocrdinate
mcdule spscifying only its iaterface.

6. Recheck the interfaces for clarity, simplicity, and
ccopleteness.

75

DR AP Shh av svs st aen |

el e ATEEE x4+ s v -

AiA‘ALI‘A‘




e RAINA ST YL AL P R -
el e N TS N T L. DT A e - N e e e . -, %, . -
. Ea N R . . R e i A T AT R N SR

7. Determine the design decision ercapsulated in +h2
module and check that it is =2ntered in the appro-
priate Module Descrirtion.

Pigura 4.18 shows *he M“THREAT_ANALYSIS_DISPLAY"

4
task THREAT ANALYSIS DISPLAY; i
with CATABASE_MANAGENENT SYStEwm; 4
task bcdg THREAT _ANALYSIT_DISPLAY is :
type THR_DBMS 1= )
record
SHIP_NAME: ~ thease tyges are not ‘
SHIP_CLASS: - p2rtinent to *the case 4
WEAPDONS - study and tkerefore j
ECM E%UIPHENT: - not developed )
ENGEGEMENT_PLAN: {
€nd record; )
THREAT : THREAT TYPE;
RECORD_FROM THREAT_Dé : THR_DBHMS;
END_FILE : BOOLEANT *
begln 4
NO_FILE := falcse; b
while énat END FIiEL loop ;
THREAT _DB_MGR éR CORD_FROM_THYREAT_DB, END_FILE) ; 1
- devalopTthe CRT cooTdina%es forTthis diSplay )
- consistent with the known coordinates 3f the ]
- actual threat. Ut *he names and coordinatss 4
- in the buffer, THREAT. 3
erd loog:
end THREAD? ANALYSIS_DISPLAY; 4
d

Pigure 4. 18 Sample Nodule Design in ADA SDL.

el e il ),

design which completes the case study for =his module.
Stepwis2 refinement was used both to develop the specifica-
tions ¢f the task ard the flcw in the *ask body. Because
all of +tte specifications were accurate and the interface
well-defined, this step in the mwmethodology was easily

performed.

ettt A i

5. Specification Refinement

— —— . Y A - S G S— ——— -

oA

Cne of the primary goals of the metkodology is to

it

produce tLtezter specificaticns and at +his point in +he




process the existing specifications are upda“ed by ircorrpo-
rating *he ddocumented design decisions. Also i€ cesrtain
decisions were deferred un+til now such as exception
handling, it is the %ime tc 1include them in the specifica-
tions. On *he first iteraticn of the methodolcgy =hz inpu*
for +he update process would be the Broad Spscificazions.

We are assurxing that the Broad Specifications arce
well structured and in acccrdance with curzent directives.
However, at each review pcint c¢f th2 specifications they
should te screened fcr ambiguity, confusing description,
overspecification, orthogonalizy, and completeness. The
rreceding vrocesses in the methodology will iterazively
ensure ccmrleteress, btut the othar undesireabl: attritutes

rust be fcurnd editorially. We will not belabor the rezgder
with definitiors of the attributes but +they can be found in
(Ref. 7].

A sample set o0f scftwars specificaticns fer +he
HSCLCS is givan in Appendix F. These specificaticns were
the product of a2 first iteraticn cf the methodology for <he
system and, if approved by a Program Manager, would be the
final refined software specifications.

Although this s=ction of the methodelogy apgears
shor+ in ccmparison to *he 1long algorithms of the cther
m2thodology componen+s, the review of the specifications is
extremely impor+ant and should be given an equal if no*
grea*er segment of the methodology time. These specifica-
tions will raflect +he principles incorpozated into <the
cther methodology prcduc*s only if this updating process is

done with care.

C. METHCDOLGGY EVALUATION

In the first section of “his chapter we listed and

discussed +“he princirples and goals that the methodolcgy was
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desiqgned to prcdcce. In this section w2 will show how the

products produced conform to the guidelirnes specified.

Tc begin wi<%h, all of the products wer2 created using
concretea algorithms which were pressnzed in a marnner thet 12
Program Manager could easily understand. Although <the
processes did include scme Leuristics, the *“hought procsss
b2hind the heuristics was explained thorougqhly.

Each cf the products exhibit 1logical design flcw a+ all
lzvels of development. The <cstepwise refinement methods in
each rlkase c¢cf the methodolcgy insured that ia no way did a
car+ ever get ir front of a horse. From data flow diagrams
to design %o specifications, system design decisions were
deferred until the last possible momen* in order *o main+tain
the maximum degree «c¢f flexiblility and to -enfo-ce abstrac-
tion. This logical design coupled with <he algorithric
methods along with ewmphasis on simplicity ard s<+tructure in
each of +*the products gives <the methodology one of the
primary gcals: unders*andability.

The four basic principles (i.e. modulari-y, abstracticn,
indecrendence, and hiding) that were enforced Jduring the
phases of system development all basically contribute *o <*he
modifiability arnd maintairability goals of the methcdoloay.
Modularity is the first of these principlies and the entire
system development process steerzd tha analyst +oward

abstractinrqg common <characteristic of the system Zinto

modules. The abstraction process kept dezails of design at
the 1lowest possible 1level. By hiding design decisions
within modules, a design decision <change <can easily be
incorporated intc each of the products by simply charging
‘ on2 module (ideally). Purthermore since <“here exis+*s a
ﬂ fairly simple mapping between products, a revision could be
: implemented easily across the board. Since independence was
also one cf the principles, s=rong cchesion and weak
. coupling of wmodules also enhances <cela=ivaly effortless




. e .“'.»'.‘.'.'-".'.’ "l

fﬁy system scftvare modification. Clearly, the software dev:zl-
X oped is easily modified and consequently highly
maintainakle.

The iterative nature of the methcdology 2nsures tha* the
products will be reliable. The iaherernt dssign error
checking of the process allows the desigrer tc be ccnfident
that +he design will meet all previously required specifica-
tions and <+hat the refined specifications produced by the
methodolccy ef fectively enccmpass all design parameters.

Tc simply state that the major principles used <o
develcp the individuwal preduc*s insures that +*he desired
charactaeristics are passed from phase to phase may 1no= bea
enough. Abstraction and completenass are na%ural byproducts
of the data flow analysis methods of DeMarco, but do <*hese
t-aits prcliferate through the Pressman and Booch mocdule and
design development processes? Does the modularity and inde-
pendence gained from Pressman carry over +to augment <th2
hiding principle emphasized by Booca? The answers are
emphatic affirmatives based on the its2rativs nature of <he
principle inclusion process of the methodology.

Upon clcse examination it is easy to se2 that the prin-
ciple inclusion process is additive in nature. Abstraction
and ccmpleteness are qualities enforczd in the derivation of
the Data Flow Diagrams. Since thesa characte

T i
imbedded in +the DFD's, which form the basis for the PFressman
transac+ion analysis phase, +hey ars necessarily

h!ﬁ +eristic c¢f <tha* phase also. Additionally, modularity and
L:Z indeperderce are emphasized on top of <-he abstracted,
E<5 complete fcundatior. Similacly, the characteristics brought
fj? forward from Pressman to the design devalopment of Booch are

- add=d %o informa*ion hiding which is stressed in that phass.
In this way w2 are guaranteed tha: the ul*ima<e products

s possess tte dJdesired traircs. Iterative refipement of the

processes then solidifies the placemen= of the prianciples.




An =2valuation of +th2 methodology would not be ccmplet=
without scme comment on ADA as ths systam édssign language,
howvever, no in-depth analysis of ADA will be given bacaus2
it is outside the scope of this thesis. Besides being :th2
DOD languages 5f *he futur=z, ADA, with its package and task
mechanisms, is especially suited o cecforce +*he informa*ion
hiding principle that is the majcr =2mphasis of *“he Booch
h

inplementation of +this principle would be <*edious if o

phase of the methodclogy. Withcut such a lazguage,

of

O

ot

practically impossible. In short, ADA is nc: just used by

1.c< be

Q
(]
[
(&)

the methcdology; withoutr i+ +he msthcdclegy w
complet=,

Even thcugh we have shown that this methodology will be
an effective tool for the Program Manager, it must Dbe
stressed that if all of the guidelines and principles ar=
not adh=red to rigidly thoughout each phase of the process
then the products may not reflect the gqualities specified by
the goals. Tc use simply mcdularity without hiding in mind
cculd result in software that is nct easily modifiable while
not applying all of the rules of abstractiorn could yield a
very inefficient design. The major distinguishing *razic of
this methcdclogy frcm others suck as PSL/PSA and SADT is
that the various software engineering techrniques c¢f Booch,
De Marcc, Frassman, and Parras have been blended tc form a
Erocess +tha* generates products that «car begin to cu* the
cost of software maintenance and devslopma2n+. T> employ *he
Frocess you must be well schooled in the basic priancipls=s.

I+ is apparen*t that the goals 5f the wmethodology have
teen acnieved frcm the previcus discussion, but ornly <hrougk
implementation of the process can it be evalua*ed. Th= only
readily obvious improvement upon the methodology would be %o
automate *he process which 1s wzll wi<hin the realm of
pcssibility due to the algorithmic nature of “he me*thcd-
ology. The methodclogy was used to procduce “he design

80




products for “*he HSCLCS were are included in <the a
For this size project <+he methodclogy T
Hcwever, *the iLmplermentors found that

with the phases produced results which

to ~he gcals and principles. Further

pudding.
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V. CONCLUSIONS

The goal of *his thesis was <o dzvelop a syst=2m tc make
the PFrogram Manager's task of monitcring software develcp-
ment of embedded weapons systems lass complex by providing
him with comprehensible, easy tc use manageaent %ools. In
the previcus charter we have outlinzd and evaluated a meth-
cdclegy which precduces +thes2 managaman. tools, znd in <he
appendices are samples of the produc<ts c¢f <*he methcdclogy.
The methccology was <simple tc implament and prcduced good,
complets system software specifications +hat were under-
standable and well documented. Ar. explanation c¢f tne
Program Manajer's precedure in utilizing +these software
develcrment tools remains.

The Program Manager will receive broad scfiware specifi-
cetions cn which he will ~ccnduct a first cut evealuation
prior to giving them +o0o a Contract Support Service (CSS) for
generatiorn c¢f refined specifications using <the methodology
of this thesis. After a specification reiinement, the
Program Manzgar revisws the me2thodslogy products and feeds
*he Refired Specifications back to <the CSS if nscessary for

£

er iteration of the procsss c¢f refinemer*. This prccess

]
o
«t
=gl

a
continuez until optisal specifications are achizved in the
cpinicen of the Program Manaager and his staff. A clcse
working relationship between CSS aad Program Manager can

acczllecate the process ccnsiderably. Specifica+ions of
nigh gualizy is <he most visibl: pzocduct of the precaess
external *¢ the Program Manager's office, put <he c¢hher

products are 2qually important to the maragemen- of a sof:i-

ware system.

The Data FPlow Fiagrams, Module DJescrip=ions, ard dssigrn
with documentation are of high wvalue. The Data Tlow
32
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Ciagrams frcvide an =asy-tc-read graphic representaszion of
th2 system. The M¥cdul=> Descriptions and +the firal ADA
Lesign prcéduced give further simplsz, understandabls docu-
ments that a Prograiz Manager and =2sp=cially his successor
(relief) can use to grasp the details o the sofctware. The
Documented Design D=2cisions are even more imper«ant <“c the
pass-down svolu<«ion that so ofter interrupts :the ccntinuizy
of a system's develcpmen:. A new Program Manager can not
ornly se2 +the dasign with relative =2ase, but he ancw has a
histcry cf how and why dzcisions w3Ze made that led to the
design. Corporate knowledge which has historically been +hs
mos< frequent casualty of the turnovar process can ther=fcre
be a surviver. The increased insight in-<o th= design of the
proposed system also puts the Program Manager into a bstzier
position to evaluate the ultimate syst2m cont-actor's dzsign
proposals.

Another byproduct of better specifications is the poten-
tial for cverall system develofment costs to be lowered. By
refining the specificatiorns "up fron:t", there is a reduced
crobability that the contractor will discover omitted items
in the specifica*ions that requira costly change ordarts to
integrate the it=2ms into the systenm. Since charnge ozders
allow con*ractors to adjust the cost 0of a system above the
original bid, reducing =the number of changes wminirizes

cverall ccsts. Purther Zn the <costs lifecycle area is the
capital spent on the wmaintenance 2f a systa2m once it 1is
implemented. Modification o¢f sofzware genera<ed by <this

methcdolcgy is relatively inexpensive as dizcussed in the
previcus chaptexr. In most «cases changes in cequireanszn%s
would not require a ccmplete systen Ta2design but only rede-
sign 2f +the module affecred. Mainzainance cos+ts would tharn
be obviously low=2red.

The most intangible benefit gain=d £roa =h2 me*hodology

1

i3 “he econ”my of effor- gained within the Program Maznager's
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cffice. The algorithmic =style c¢f the methodology and the

uniformi+ty of th2 products provides guidelines for <the scf:-
z

ware develorment. Tbé lack c¢f arn adaquate institutionalized -
rrocedure for software development organiza=ion in *he past ?
has caused effort +c be wasted psrforming ron-prcductive .
tasks. Thzrefore, *+he incr=ased 2fficiency due to s+tandard .
develcrment procedures car be substantial. §

Software development, as mentioned before, is but a mere
fraction cf the total effort need2d to realizes an embedded
svstem in *he fl=et, However, *hs escalating ccst cf sof
ware makes i+ <ccntribute an inordinate amourn* =0 *he *o0tal
svstem costs including system maintanance. I+ is therefore
imperative *hat the best software sngineering techzigues be
used *to reduce the exponential growth of d=svszlopmen+ and
maintenance expense and *o ensuze the Program Managear's *“ask
has mirimum ccmplexity. The methodology promulgated hy <his
thesis is a major step in developing standardized management
procedures for software development that will reduce costs
and crovide more maintainable wsapons systems to the fleet.
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HSCLCS DATA FLOW DIAGRAMS

This appsndix contains <+he HSCLCS Data Flow Diagrams
from [Ref. 1] This set of diagrams is by no means complete
and is crovid2d as a sample methodology product. The same
caveat a-rlies tc each of the apperdicss.
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Pigure A.1 Squzce/Sink Diagram.
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APPENDIX B
HSCLCS HIEBRARCHY CHARTS

These are “he HSCICS Hierarchy charts fron [Ref. 2].

93

T e et o0 . .o A A TN N
4 s . Ce e . et e e . - . ot - N
. S W W WY WP S S - RN SR \La"_A\.n'_x‘-'.L'x'n'_n‘._-'.n




oA T TR TAS TR T TN VR

ey

iy

2]

~ PN ﬁ vl “ ><._,_““_._l~
I IVH 0rnv AN BT

) Ll [

G

NS

R IO NIY wiva
e WWran

-

o ;

‘Hwiisn

s

Aovert

L

AV AV ST AV LIS T AV L
Nt /8 ALY oA
- /!/v - RN /
T -
S - SN

ﬁ AV LRSI

E&

AVLISTO L]
aene 1
LRSSV
W/

—

/////\\\\\\\\ o

it
~

~ OHLHOD —

A\

e

NPT Iy S|

4 P
L
.

WW:@

|ﬂ R ~

|

] [ar] [

m Analysis.

First Cut Tracsfo

-
-

Figure B.1

94




-------------- A SR S SRSl SERE SNSRI IS oL SSe DAl o AR TSR S A e A

ik AR

NATHUAL

|

f22 |

2% | [
. -- L
|22 1

FiRkA

—J[

e e e e

13

N
E‘-J

FOAT!

[ |

|

Dilvl' &‘lgl L ]

L

Piqure B.2 Refinement of Transfcra Azalysis.

95




[ HD-A140 979 A_PROGRAM HHNRGER'S NETHDDOLOGV POR DEVELOPIN
STRUCTURED DESIGN IN EMBEDDED HERPONS SYSTEMS(UD NAVAL
POSTGRADUATE SCHOOL MONTEREY CA I RANSBOTHAM ET AL.
UNCLASSIFIED DEC 83 F/G 9/




T WS

B 2PN -0

WTeTLY

‘ir

....

L

=

o

N

5

m... b e .

3 » - ey o

: EEER
.. dada 4y

& Y]
B m-Hm—ummu._u
O__ -

.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS ~1963 - A

.25

A OO Y

e VWY
.

ﬁ._
b

AR N




ﬂ e w7 W . e 4
2
g
[N
»
b
P
ﬂ.
P
v
r.
»
}
"
K
l .
1
X o
1Y v
X .
] | "
- IOV 93345
) ANy nurevIn anv 3sWnod
b, tere et
. . ()
o
3 o
[« ]
, »oveL PRI v 1
. oav s2vaun 213330 -
B £°1°¢ L 2 X 4 1:1°t "
; n
a
: Q
[
25vel G )
. LE1V) [T} o
W e
3 "
“ m
L nIDYNYH N0 $31VH10400D 130VNVH 20 ..auuuuu:uu: o
L3 1vauns ITETYTL) 1n3HNOETANY ains -
1 L il | X 4 201 i \E o
.W. \ Jm'a.
A 'Y
.\
- Tn4NT S8ID0WA
5, '
s,
»
>
S
r.l
1‘
A '

-




TR S— S—
.-‘.

),

'n

b

v

v..

b

e

"

3

-‘,

b

V,

.-.A

'.,

< 4

-' .
‘. v
. -]
’ ]
3sd1113 viva SNLVLS 'SSIH a
3 AINIVINIONN FUELT ANV ¥INONOVT “.
1eezee 1Vzeee zouce o
" o
N e
L a3
2

5 u
s u
R HOILISIN3OV vava ‘MON 8a NV1d O 9~
<% Al1118vaO¥d INIWADVONT INIWIDVONT 7] o
¥, t-z-¢t Tzt 1 ee k
r‘

v-. - 4
b, L
[ A o
LNIHIDVONA hio1SSY “SSIH @
L NV1d 1INV ¥3NONNYT e
Y t A 4 1°¢. m.
y. ot
y 7]
1.

‘O

a

e

.

1

o

‘l

»

<

g

+

:

P

m )

|y

N

AL




.

a” a _i.?i.i.i.b

Y
.

W BP A S e vk oL asdl BN et e
. A A

3 Y

. e

RAITMEA SR i it it

'yl

& -

.

-

T v
.

T,

A R A

20 2 R

<

AVidSIO

AVidsia
SIINAVIO
e
INFHINVINT JNTHIDVIND
AVONW Jlawniny V3
[ 4 [ 44 44 J | 5 0 J
AvVidSIN vi4S1q °Vavd AVidsio AV1dsia NLVLS “SSIN AVidSIO
wveL dINS JNTHNOY TANY INIHAOVING LEDN il g NN
9y [N 2 | M 4 €» | 4 | 1 4

LN,

N

. G R -
.-\..Nf\., ,..-.J.r.\‘\.vxwxs. );\....»-..L. .

L P

SRS JNN Yy

Process Display.

Figure B.S

Ot

98




99

Prograam Design Struc-ure.

Pigure B.6
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Action Path Structure of Track Data Base Manager.

Pigure B.8
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APPENDIX C j

HSCLCS MODULE DESCRIPTIONS

This appendix contain descriptions of the thirty cne
modules of the HSCLCS from [Ref. 1].

control
Process Input
Ship Parameter Data Base Manager
Environmantal Data Base Manager
Threat Data Base Manager
Convert Ccerdinates
Tyfe Track
Delete Track
Ugdate Track
Course and Speed Update
Bearing, Range, and Position Updatz
Add Track .. )
Launcher and Missile Assignment
Launcher and Missile Status
Plan Engagement
Plan BEngagement Data Base Manager
Engagemént Data
Thfeat LCata . .
Probability of Acquisition
Uncertainty EllZpsSe

isplay
Menu Dlsplag ..
Lauccher and_Missile Status Display
Environmer+tal Display
Engagesent Display
Threat pzsglay )
Auromatic Engagement Display
Graphics Display .
Manual Engagenent Display
Shlg Parameter Display
Track Display
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1. Module Name: CONTFOL, NUMEER O

2. Mcdule function: This _module calls all other mcdules
and determines the program flow.

3. Supervisory mcdules: None

8, Module intarface(parameters):

5. Sutordinate Modules: Process Input, .
Launcher-Missile Assignment
Plan_Engagsment
Display

6. Design decisicn encapsulated:

sk e o ook ok ok 3 3k o Aok ok ok oK ok ok ok ok koo ok ok ok ok e ke e o ole e ok ok sk ko ok ok ok ok ok koK kok

1. Module Name: PROCESS I NPUT, NUMBER 1

2. Modulz function: Sslects subordinat2 module to update
ccrrespending data bases.

3. Surervisory modules: Control

4. Mcdule interface(rarameters):

5. Subordinats Modules: Ship paramater Data Base Marager
Envircnmental Data Base Manager
Convert Coordinates
Threat Data base Mapnager

6. Desiagn decisicn encapsulated:

Aok o o ok ok ok ok ok ok o koK gk ok B o ook ok ok gk XK ok skak dok ok ok ek Kk K ook ok ok 3k ok ko ok Rk

1. Module Nam=: SHIP
NIMB
2. Module function:g gge ship Param

2ter Data Base
manual 5r auton

)
oma-ed means.
3. Superviscry modules: Process Input

4, Module interface (parameters):

5. Sukc-dinate Modules: None

6. Desian dscision encapsulated:
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1. Module Nama2: ENVIFCNMENT AL DATA BASE MANAGER, NUMBER 1.2

2. Module functicn:Update the Environmental Data Base by
either manual or aaxtomated means.

3. Suverviscrv modules: Process Input
4. Mcdule interface (parameters):

5. Sukcrdinate Modules: None

6. Desian decision ercapsulated:

3o e 3 o e o ok ek ok e 3 ek e o ok kKoK ok e ook 3K e ok koK ok Kok ok K ook ok %k ok ok ko ok Rk

1. Module Name: THRERAT DATA BASE MANAGER, NUMBER 1.3

2. Module functicn:Opdate the Threat Data Base b; either
manual mz2ans or through use of a,
standard chip that caf_be periodically
ugdated and sen%t to all ships with
HARPOON capability.

3. Superviscry modules: Process Input

4, Module interface(rarametersj:

5. Subordinate Modules: None

6. Design decisicn encapsulated:
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1. Module Name: CONVERT COORDINATES, NUMBER 2

2. Module function:To convert all the inputs to_update <=rack
data to common coordinates. The inpuis
can _be manual, from own sh:g!s tracking

link fron

equipment, cr from an NTDS
other platforms.

3. Surervisory modules: Process Input
4, Module irn+tarface(parameters):

5. Sukordinate Mcdules: Type Track

6. Design decision encapsulateqd:
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1. ¥cdule Nape: TYPE TRACK, NUMBER 2.1

2. Modulse functicn:!zpa irack ste:ninei if “he --acgk is *o
b eletad Lr-om <he daca basel added =c¢
the 13*a bas3, or some parame-els cf ar
existing track ara +) be alt=red. Th2as=z
ac-lons are parfczasd by selec<ing <he
appropriate suboriinati modul:.

3. Surervisory modules: Convers Co>cdija*es

4. Mcdule interface(paraserecs):

S. Subcrdinata Modules: Dalazs T
Us ate 7
} Y& Cc

‘r.
6. Desigqn dzcision encapsula+éi:
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1. Module Name: DELETP TRACK, NUMBEBR 2.1.1

2. ¥cdule function:Tc elimina*e tracks from the data base
that *he ogerator dstecsines are no
lcpger useful.

3. Supervisory modules: Type Track

4, Mcdule interface (rarameters):

5. Subordinata Modules: Track Da“a Bas2 Manager

6. Design decision encapsulazed:

R KRR ERRE KRR R ERR KR RRERERE BE KRR KRR KK KR KK KRR KRN KRR kK

1. Mcdule Name: UPDATE TRACK, NUMBER 2.1.2

2. Mocdule function:Te¢ ugdate +he iaformatior contained in
tte Track Data 3ase.

3. Supervisory modules: Type Track
4. Module interface(rarameters):

5. Subordinate Modules: Course and_Speed
Bearing and range

6. Design decision encapsulated:
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Moduls Nam2: COURSE AND SPEEL UPDATE, NUMBER 2.1.2.1

Module function: T¢ update the course and sgeed infor--
tion on 2ach %track contairned in the
Track Data Basez.

Supervisory modules: Update Track

Mcdule inter face(raramaters):

Subordinats Modules: Track Data Bass Manager

Design dscisicn erncapsulated:

A3k e 2 3 ok ok ok e ok kol e ek ok o ok ol sk ook e ot de e ok ok gk ok e ki ok kK ok ok KK K Kok kok ok kX

Mcdule Name: BEARING ANGE AND POSITION UPDATE,
NUMEER 2.1
Mcdule functicn: 1c¢ ate the bsaczin angs an osition
(Lat ggtuge ongitu e?/ fgfmat on

€ach track in thes Track Data Baee.
Superviscry modules: Update Track
Module intsrface (parameters):
Sukordinate Mcdules: Track Data Base Manager
Design decisiocn encapsulat=d:

Ak 3 B ok ek ook ok ok oK ook ok ok 2 ok ok ok K ook o e e ke kol 3 ok kol dk ek ok ik ok sk ok ok ko

Mcdule Name: ADD TEACK, NUMBER 2.1.3

Mcdule function: Tc allow new tracks to bz put into the

Track Data Basa.
Sugrerviscry modules: Type Track
Module interface (parameters):
Sutcrzdinate Modules: Track Data Base Manager
Desian decisicn encapsulated:
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1. Module Name: LAUNCHER AND MISSILE ASSIGNMENT, 3.1
2. Module furnctionm: Allow t he operat9= to bypass <*he
gagenent laaning automatic
eCtion of missile cell
an simply select and launch the
missile manually.
3. Supervisory modules: Control
4. Modula in*srface(parameters):
5. Sukcrdinate Modules: launcher and Missile Status

6. Design decision encapsulated:
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1. Module Nam2: LAUNCHER AND MISSILE STATUS, NUMBER 3.1.2
2. Mcdule function: {c provide currant lnformatlon cn wha*
aunchers épo - starboa:c d%ya*e ready

fire an hiczk and what

pes
IlSSlleS are ready to fire.

3. Surerviscry mcdules: launcher Missile Assignmant
ngageuent Data

4. Module interface(rarameters):

S. Subcrdinate Modules: None

6. Design decision encapsulated:
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1. Module Name: PLAN ENGAGEMENT, NUMBER 3.2

2. Module function: To determine the optimum engagment plan
fcr a given targact.

3. Supervisory modules: Control

4. Module interface(rarameters):

5. Subordinate Mocdules: Plan Enqa%ement Data Base Manager
Engagemen
Probability of Acquisition

6. Design decision encapsulated:
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1. Moduls Nams: %éﬁ ENGAGEMENT DATA BASE MANAGER,

g BER 3.2.1

2. Module function: Tc urdate the Engagement Plar Data Base.
3. Surerviscry mcdules: Plan Engagem2nt

4. Module intarface (parameters):

5. Suko-dinate Modules: None

6. Design decision encapsulated:
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1. Mcdule Name: ENGAGEMENT DATA, NUMBER 3.2.2

2. Module functicn: This module supplizss the data needed
by ths Plan Engageament module tc
cenerate the eagagemant plakn.

3. Supervisory modules: Plarn Engag2ment

4. Mcdule irtérface(rarameters):

5. Subordinate Modules: Lzuncher znd Missile Status
Threat Data

6. Design decision encapsulated:
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1. Module Name: THREAT DATA, NUMBER 3.2.2.1

2. Module function: T¢ provide the informatior contaired in
the the mcdule to the Engagement Data
mcdule when requasted.

3. Superviscry modules: Ergagament Da*a

4, Mcdule interface(rarameters):

S. Subordinate Modules: None

6. Design decision encapsulatel:
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1.
2.

3.
4.

6.

Module Name: PROEABILITY OF ACQUISITION, NUMBER 3.2.3

Module func*tion: T¢ de;grnine what the grobability_is
that if a missile is fired a* a Qgiven
target that the missile can acguire
and " hit the target

Surervisory modules: Plan Engagement

Module intarface (parameters):

Sutordinate Modules: Uncertainty Ellipss

Design decision encapsulated:

Aol ot o o o e o ok 2 ok o o ook ok e B B ook okl sleoke ok ke ke kol ok K ok e ok ok ok ek ok o e ok ok ok ok kok

1.
2.

3.
4.

6.

Module Name: UNCERTAINTY ELLIPSE, NUMBER 3.2.3.1

Module function: T¢ gomgute the parameters for ar
€llipse of uncertainty around a
ccntact's position.

Supervisory mcdules: Protability of Acquisition

Module interface(parameters):

Subordinate Modules: Track Data Bass Manager

Desiagn decision encapsulated:

gk g kg Rk kR kR R R kR Rk Rk kR Kk ko kkk kkkk kR kK&

3.
a.

Module Name: DISFLIAY, NUMBER 4

Module function: To call subordina“e modules as necessary
tc generate requirad displays.

Superviscry modules: Contrcl
Mcdule interface(raranmeters):

Subordinate Modules: Menu Displag .. )
Launcher and_ Missile Status Display
Env ironmental Display

Engagenent Display

Sh g Parameter Display

Track Display

Desiagn decision encapsulated:
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1. Module Nama: MENU DISPLAY, NUMBER 4.1

2. Module functicn: T¢c accass the Manu/State Data
display =he required menu whe
and keep track of the state o
progranm.

3. Surervisory mcdules: Display

4. Module interface (varameters):

S. Subordinate Modules: Menu/Stats Data Base Manzager

6. Desijyn decision encapsulated:
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1. Module Name: LAUNCHER ANLC MISSILE STATUS DISPLAY,
NUMBER 4.2

2. Module function: Tc access the Launcher and Missile
Status Data Base and provid2 a disp
of the information contained in tha
¢ata base.

3. Supervisory modules: Display

4. Module interface(rarameters):

5. Subcrdinate Modules: Lanncher Missile Data Base Manager

6. Design decisicn encapsulated:
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1. Module Vame: ENVIRONMENTAL DISPLAY, NUMBER 4.3

2. Module function: To _access_the Environmental Data Bass,
and provide a isplay o the 1aforma<ion
ccntained in +ha* d4afa base.

3, surerviscry mcdules: Display

4. Module interface (parameters):

5. Sutordinate Modules: Environmental Data Base Manager

6. Desian dzcision encapsulated:
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1. Mcdule Name: ENGAGEMENT DISPLAY, NUMBER 4.4

2. Module furncticn: Tc gia & icall d*solax ghn fllgh‘ pazh
les that aZe o lcwn agains=
a se* targat. Threaat da* or “he tazgst
will also be displayed. Tha =nqag tment
plan will have thes Capabi l**{ <0 " be
superimposed ovsr the gen<ara
display.

3. Surecviscry mcdules: Display

rack

4. Module interface (parameters):

5. Sukordinate Modules: Threat Display
Automatic Engagement
Manual Engagémént

6. Design decision encapsulated:
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1. Module Name: THREAT DISPLAY,»NUHBER 4.4.1

2. Module function: To agcess *“he Threa+ Data Base and
Frovide a d*s cf the informatiorn
contained In data base.

3. Surervisory mcdules: Display

4. Module interface(parameters):

5. Sukcrdinate Modules: Threat Data Base Manager

6. Design decision ancapsula*ed:

RERREER R LB ERRR K AR KR P SRk Rk Rk Rkl kkokk ok kokkokokok Rk k &k kkkk ki

1. Module Name: AUTCMATIC ENGAGEMENT DISPLAY, NUMBER 4.4.2

2. Module functicn: T¢ graphically displa the enga amar*
glag ‘gat wasy nega° d by thg g
ngagement modu and stor=4
Inqagnnen» Plan Data Basa.

3. Superviscry modules: Engagenment Display

4, Modula interface (parameters):

.J

5. Sukordinate Mcdules: Engagement Plan Data Bas2 Manager
6. Design decision @ncapsula-ad:

115




Rk EEBE RS SRR R AR R SRR Bk kg gk akkk ok Kok Kk kR Rk koK Kook ok k Xk

1. Module Name: GRAEHICS DISPLAY, NUMBER 4.4.2.1

g,l_gcdule function: To provide the operator wi+h *he capa-

ility .

* tc manyally input 2n en%agemsnt planr fer
attacking a given target.

:
!
<
.

3. Supervisory mcdules: Automatic Engagement Display
Manual Engagemeft Display

4. Module interface(parameters):
5. Subordinate Modules: None
6. Design decision ancapsulated:

RERRRER R PR RRk kR hk kg dkok kR gk Rk kokokk kk kkkkkk kkkk kkhRkkkk

1. Module Nam2: MANUAI ENGAGEMENT DISPLAY, NUMBER 4.4.3

2. Module function: To provide the operator with the
capability 40 manually input an
engagsmen glan for a*+acking a
given target.

3. Ssurervisory modules: Engagement Display

4. Module interface(parameters):

S. Subordinat2 Modules: Graphics Display

6. Design decision encapsulated:
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1. Module Name: SHIP PARAMETER DISPLAY, NUMBER 4.5

2. Module function: I9.ce85ta32 SRERITYSISHEE DRza-Rae
contained in <hat data base.

3. Surerviscry modules: Display

4, Module interface(paramsters):

5. Sutordina*e Modules: Ship Parametsr Data Base Managsr

6. Desiin decision encapsulated:
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:.: 1. Module Name: TRACK DISPLAY, NUMBER 4.6

- 2. Mcdule function: To agcess the T-ack Data Base angd

= Erovzde a_ ccntinuous display of all

- racks being maintained in That data

y ktase.

\- 3. Surervisory modules: Display

;. 4. Mcdule interface (parameters):

t S. Subordinate Mcdules: Track Da*a Base Manager

N 6. Design decisicn encapsulated:
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[ ARPENDIX D :
; HSCLCS ADA DESIGHN E
" ™
A ADA HSCLCS design from [Ref. 21]. 3
J
3 !j
Fackage Update is j
. ask Launcher-Missile_sStatus is q
' entry Update (Launcher-Missile Status: K
EE in status Type)
: End Launcher-Missile_sStatus N
3 Task Skip-Parameter is !
% entry Upéate (Ship-Parameter: in :
f Ship-Parameter- Typs) .
1 End Ship-Parameter
._ Task Ervironment jis
_: entry Update (Envircnmert: in Environment-Type)
N End Environmment
. Task Thrzat is
& entry Update (Threat: in Thr2az-Type2)
; Ead Threat
‘{ Task Update-Track is
: entry Add (Irack: in Track-Type)

entry Delete (Track: in Track-Type)
entry Modify (Track: ir Track-Type)
R End Update Track

! End Update
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Package Auto-Engagement is

Procedure2 A-Engagemant (launchar-Missile-Scatus: i=
Status typs, Thrzaz: in Threat Typ2,
Engagement -Plan: out Engagement-Plan-Type) ;

Procedure Prob-cf-Acquisition (Eagagement-Plan: irn out
Engagemernt -Plan-Typ2)

Erocedurs Uncer+ainty-Ellipse (Engagemert-Plan: ir cucs

R, J

Engagement -Plan_type) ;
End Auto-Engagenmernt

2 Panual-Engagement is
Erocsdure M-Engagement (Launcher-Missile Status: in

Status-Type, Engagement-Plan: ou*
Engagement -Plan-Type) ;
End Manual-Engagement

Taoas e aals

i -4




%

v Package Display is

:i Task Menu-Display is

, ernt:sy Access (Menu: out M2nu-Type)

» End Menu-Display

% Task Launcher-Missile-Status is

5 enxry Access (Launchzr-Missile-Status: out
] Status-Type)

Z: End Launcher-Missile-Status

;2 Task Ervironment is

- entry Access (Ernvironment: out Environment-Tyrz) 3
jij Erd Environment
o Task Stip-Parameter is
fﬁ entry Access (Ship-Parameter: ou*
= Sship-Paramet=r- Type)

i Fnd Ship-Parameter

- Task Track is

g: entry Access (Track: cut Track-Type)
(' End Track

R Task Threat is

- er*ry Access (Threat: out Threat-Type)

" End Threat

" Task Engagement-Elan is
o ertry Access (Engagement-Plan: out
SQ Engagement-Plan-Tyre)

E; End Engagement-Plan

.;
o
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Package Eng

2rocedure Manual-Engage-Display (Engagem=nt-Flan:
in ou%t Engagem2nt-~Plan-Type, Threat:
in out Threat-Type);

Procedure Auto-Engage-Display (Engagemen=-Flan:
in out Engagsma2nt-Plan-Type, Threat:
in out Threat-Type);

Procedure Graphics (Engagement=-Plan: in ou+

Engagement-Plan-Type)
d Engagement Cisplay



Eackage Launcher Missile Status Manager

s

Type Status Type is
Record

Empty ¢ Boolzan

-e

Miss Tygpe: String range A .. C
End record
Task Launcher Missile Status is
€ntry Update (Launcher Missile Status in
Status Type)
entr Access (Launcher Missile tatus
out Status Type)
End Launcher Missile Stactus
End launcher Missile Status Manager

Packags Ship Parametsr Manager is

Type Ship Farameter Type is

Record
Ccurse : Integer range 0..359;
Sgeed : Integer rangs 0..50;

Eosition Lat Latitude;

Pcsition Leng: Longitude;

End record
Task Ship Farameter is

entry Update (Ship Parameter: in Ship
Parameter Type)
€ntry Access (Ship Parameter: out Ship
Parameter Type)
End Ship Paramster
End Ship Parameter Manager

S
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............................

Eackags Envirorment Manager is

Type Envircnment TYFr2 is 4
Record i
Re2al Range 0..30; '

Intager range 0..5;

Visibilizy
Sea-Sta te

Wind Dir ¢ Intsger range 0..359; .
wind sSpd : Intager range 0J..100; i
Temperature : Integer range -100..150 ‘

.
.
v
“
o
“
«
.

Barometric

Intsger range 900..1200

Task Envircrment is
entry Update (Environment: in Envircrment
Type)
entry Access (Environmant: out Eavircnment
Type)
End Envirorment
End Environment Manager
Fackage Threat Manager is

Type Threat Type is

Record
Ship Na me ¢ String;
Ship Class : String;
Weapons ¢ String;

ECM Equip + String;
Attack Plan : S<tring;

End record
Task Threat is
entry Update (Th*eat: ia Threat Type)

j £2d Tgvgg% Access (Threa out Threat Type)
N Epd Thr€éat Manager

o
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..................................

Package I'rack Manager is

Type Track is

L | Record

O Type Track : Boolz2an;

ﬁ; Class Vessel : String;

lﬁ: Eear ing : Intaeger range 0.359;
o Range : Integer range (C..500;
ﬁg Fosition Lat : Latitude;

Fcsition Long : Longitude;

b Course : Integer range 0..359;
Sgeed : Integer range 0..50;
Erd record
Task Track is
entry Add (Track: in Track Type)
entry Delate (Track: ir Track Type)
entry Mcdify (Track: in T-ack Type)
entry Access (Track: out Track Type)
End Track
End Track Manager
Iype Menu jis
Record
Undetermined at this time
End record
Task Menu LCisplay is
entry Access (M2nu: dut Menu Type)
End Menu Display
End Menu Manager

e,
FAREE A
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Fackage Engagement Plan Managar is
Type Engagezent Plan is

Rscord
Track Desig : String;
Type Plan : Boolean;
Num Missiles : 1Integer range 0..24;
Seguence ¢ Array;
Miss Type ¢ String range A..C;

Erxd record
Task Engagement Plan is
entry Access (Engag2meat Plan: out Engagement
Plan Type)
End Engagement Plan
d Engagement Flan Manager
a Base Manager
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ARRENDIX E
HSCLCS SANPLE SOPTHWARE SPECIFICATIONS

L — 8

Sample sof=zwvare specificatiors for HSCLCS fzom
(Ref. 13].

Baselize Design Goal
1a. Surface Cntact Fosition 10 20 (min)
(range/kearing).
The use of bearing line in
addition to the 1L requirement
reduces the nuaber of displayel
surface cntacts Ly two per

L D L l. [

e e e M

tearing lirne.
-Designated Target X

P

~~

Target Category ard Classifi-
cation Displayed. :

-Unintended Target(s) X
Target Category and Classifi-

t&hﬁ}

caticn Displayed.

1b. Surface Contact/Bearing Line 1 3 (min)

V& _n‘ _l. -q. & ‘l. ‘i.

2. Own Ship Positior X

-

3. Air Contact Position 1 3 (min)

3 (nin)

[\ ]

4. 3rd Party Targe*ing Data Souczce

ﬁ! Designation

- WCIP shall resolve target position
t? tased on range and bearing input

. frce 3rd par+y or bearing lines
from 3rd parties cr own ship.
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5.

6.

8.

-Manual Entry of Bearing Lines

-Manual Entry of Fange and Pearing X
Target Classification
~-large (default) X

Larger than a patrel boat.
-Small X
Patrcl rcat c¢r smaller.

Ccntact/Track Course Direction
Indicator
Program automatically compensates
for own cship's motion.

-Direction Indicatcr

-Dead Reckoning (Cwn Ship Only)

Con+act/Track Targeting Data Souc-ca
-Manual Irput X
With appropriate data sourcs error;
includes 3rd party.
-Automatic Input
-NTILS
-FALAR
-SONAR
-EW/ESH
-Tarcet Designaticn Systen

E T T T B

Wind Farameters (relative)
-Speed
-Actual X
Manual input.
-D2fault value X
-Directicn
-Actual X
Manual input,
-Dafault value X
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9.

10.

1.

12.

13.

Tenperature
-Actual

Manual input.
-Default value

Precipitation
-Yes

Marual input.
-Nc (default value)

Operator Cues/Lockouts
-launch Inhibited (lockouts/cusz)
All launch inhibits except rolls
pitch cutout.
~-Missile Ready (cue)
-Data Age (cue)
Target and envircrmental data.
-Missile launch Status (cue)
-C211/Rail Empty (missile away)
-Missile Dud Declaraticn

-New Contact/Track to be Input (cue)

-Ill=sgal Action (lockout /cue)

Time/Clcck
-Z2UL0 Time
Start clock: Autczatic entry via

NIDS Interface and/or manual entry.

-Time cn Target
Manual entry.

~-Time c¢f launch
Computation.

-Ccuntdcwn
Includes Time-~to-Fire and
Time-tc-Impact.

Loadout Status/Missile Variant
Identificaticen
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-Baseline/Block I Tac*ical Missils X
(RGM-841)

-Royal Navy Submarine HAKPOON X
(EGM-84B)
Whea reconfigured for surface
launckh.

-Block IB Tactical Missile X ‘
(RGM-84C)

-Block IC Tac=ical dissile X
(RGM-E4D)

-Supplemantal Idesntifizatiog X

{zanual entry: info from lcadou:
logbocks o5f hybrid/aonstandard
seaker-MGU combinations).

-Training Al11-Up Rcund (RTM-843A/C/D X

rnd ENSH)
14. Missile In-FPlight Tracks X
15. Up +to 180 degree Cff-Axis launch X

e e D Ayt G A o s i s s St S

1. Reference Systenm
-Tru2 Tacge* Bearing/Relativa Target X

b& Range

g; Top of display is north.

» -N1IDS Grid X
E -Geographic (lati+tude & longitude)

gf 2. Planned Missile Plight Path 3

&A Software to ensure that no £1lizh< WPS

? path may be selected vhich could

& result in the acgquisiticn of own

% ship.

;g 3. Seacch Mode Selection
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.......

4.

5.

6.

-0n Line Sizing (default) wy/Manual X
Ovsrride
On Line Sizing shall be automat-
ically selected if RBL or BOL ars
net selected.
-Range and Bearing Launch (RBL) X
RBL pattern size shall be a
function of total flight pach
(range <=raveled *c target).
-Bearing Only Launch (BOL) X

Selactable Search Pattern Expaasion
(0 - 360 degrees) X
For RGM-84D missile orly, applies
to REl mode and Cr-Line-Sizing
(OLS) which results in an RBL
search pattern.
-Normal Center Expansion X
Fcr FGM-84A/BGM-84E/RGM -84C
missiles; default for RGM-84D
missile.

Enable and Destruct Ranges BOL X
Default values or manual entry

(ranges not supplied over NTDS
interface) .

High Altitude Hold
RGM-84D only.

-No Entry; Default X
The High Altitude Hold default
range not to interferse with search
initiation and nct to exceed 10nm;
i.e., High Altituyde Hold range is
set tc the minimur of 10nm or raage
to search initiation.
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-Manual Ertry X
The selected High Altitude Hold
range must be less than the range
tc search initiation.

7. Presearch Fly-Out

~Sea Skim (RGM-84D only) X
Default mpde -~ Presearch Fly-Out is
set “o sea skinm altitude following
the High Altitude Hold.

-Manual Entry X
Fresearch Fly-Qut at normal HARPOUN
run-in altitude as used in current
HSCLCS.

8. Terminal Attack Mcde (RGM-84D only)
-Sea Skim (default)
-Pcp-ur X
Default override Ly manual selzc-
tion of pop-up, “SMALL TARGET"
designation by NIDS, or when
"SMALI TARGET" is entered manually.

9. Missile Assignment for Engagem2nt
Planning X
Ma2nual entry.

10. Multi-Missile Engagemen* cf 4 8

Designated Target.

B 188

E§ Baseline: Up to 4 missiles from a
o single launcher. (Note: Single
?ﬁ launcter ircludes TARTAR and
i ASROC) . Design Goal: Up %o 8
5{ missiles from 2 CHL's.
E; ~Salvc Missiles Against One Targst X
o For Simultaneous Arrival (STOT
L‘- Salvo).
131




Operator-planned engagement.

-Salvo Against Up %o Fcur Targets
(single airpcin*) From One Launcher
For Simultanesus Arrival (STOT
Salvce).

Same aimpoint ard a diffarent RBL
search expansion for each RGM-34D
missile in order to distribute
salvced missiles amorg the targets
in a formacicn.

-Ripple Salvo as per current HSCLCS
CML Configuratiozx.

-Quick Reaction/Preprogrammed STOT
Salvc.

Modified HSCLCS automatically will
calculate and enter a different
waypoint for 2ach RGM-84D missile
in a quick reacticn salvo for
simultaneous time-on-target (STOT).

11. Backgrcund data and sector data

request.
Usakle with NTDS interface only.

1. Contact/Track Uncertainity Ellipse
-Designated Surface Target
-Unintended Targets

If selected by operator.

2. Predicted Time-on-Target

3. Probability of Acquisition
Numerical value.
-Designated Targets
-OUnintended Targets
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If selected by opsrator.

4. Seeker Search Pat%ern Outline

Fcr select-ed search mcde.

5. Missile Flight Path
Por all selected missiles.

6. Booster Drop Zoae

7. Missile Power Apfplication Warning

OTHER

1. Test/Maintenance
-Missile BIT Resuilts
-Go/No-Gec Indication
-Pailure Status Ccds
-HSCLCS BIT Results
-Go/Nc~-Go Indication
-Failures Sta*us Ccde

2. Training Mode
Inheren* capability provided by
system design. Design to utilize
data frcam NTDS and/or external
training support devices via an RS
232 serial interface.
-Centact/Track Location (actual or
simulated).
-Cf£f Board Source/NTDS
-0wn Ship Sensors/NTDS
-Manual Input
-0wn Ship Position (actual or simul-
ated).
-Training Scenario Parameters
-Bnvironmental Ccrditions
-0Operational Planning Selactions
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3. Data Extract

f; Design ¢ be compatible with an RS
: 232 serial interface to provids for
.' - data storages/disglay in off~lins2

. devices (s.9., tape casset:e recor-

der).
~-Target/Targeting Data
-Missile Initialization Cata
-BIT Results X

4, Major Display Peatures

-Variatle Range Scale X
16K-, 32K-, 6UK-, 128K-, 192K~-, or
256K~yard radius. The 256K-yard is
the default scale.

-0ffset X

-Zo0m X
8K-, 16K- or 32K-yard radius.

peabinloclonica:

nhachesohecho ket alitiind

-Special Symbols X
-Cursor, with Bearing/Range r=ajout X
Manually controlled.

N B
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L ARPENDIX

HSCLCS SYSTEM DIAGRAAS

= These fcur diagrams illustrate the current cd>nfigu-a*ion

) of the HSCLCS and the new proposed ona.
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